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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 
Bureau  of  Animal  Industrit, 

Washington^  I).  C,  Aiigv^t  JO^  1907. 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend 
for  publication  as  Bulletin  101  of  this  Bureau  a  manuscript  entitled 
'"  The  Available  Energ>'  of  Red  Clover  Hay,"  by  Dr.  H.  P.  Armsby, 
and  J.  August  Fries.  This  paper  reports  further  experiments 
inducted  with  the  respiration  calorimeter  by  the  Pennsylvania 
Agricultural  Experiment  Station  in  cooperation  with  this  Bureau. 
Similar  experiments  in  connection  with  timothy  hay,  red  clover 
hay,  and  maize  meal  have  previously  been  reported  in  Bulletins  51 
and  74  of  this  Bureau. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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LETTER  OF  SUBMITTAL. 


State  College,  Pa.,  July  /,  1907, 
Sir:  I  have  the  honor  to  submit  herewith  a  report  upon  the  third 
series  of  cooperative  experiments  with  the  respiration  calorimeter 
at  the  Pennsylvania  State  College. 

As  in  previous  experiments,  the  details  of  the  work  have  been  in 
charge  of  Mr.  J.  August  Fries,  assistant  in  animal  nutrition.  Mr. 
Fries  has  been  assisted  by  Messrs.  W.  W.  Braman,  A.  K.  Risser, 
T.  M.  Carpenter,  R.  E.  Stallings,  J.  B.  Robb,  and  John  Foster,  while 
the  necessary  chemical  work  was  carried  out  by  the  chemical  division 
of  the  experiment  station  under  the  general  direction  of  Dr.  William 
Frear. 

Very  respectfully,  Henrt  Prentiss  Armsby, 

FJ Xpert  in  Animal  Nutrition. 
Dr.  A.  D.  Melvin, 

Chief  of  the  Bureau  of  Animal  Industry, 
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THE  AVAILABLE  ENERGY  OF  RED  CLOVER  HAY. 


nraBODUonoH'. 

The  experiments  reported  in  Bulletin  74  of  tnis  Bur^u  upon 
'* Energy  values  of  red  clover  hay  and  maize  meal''  gave  somewhat 
questionable  results  for  the  net  available  energy  of  red  clover  hay. 
From  a  comparison  of' the  first  and  second  periods  of  that  ex]>eriment 
an  availability  of  36.42  per  cent  was  computed,  but  it  was  pointed 
out  in  reporting  this  result  that  the  figures  were  comparatively  low 
and  must  be  accepted  with  considerable  reserve.  The  experiment 
here  reported,  which  was  carried  out  during  the  winter  of  1003-4, 
is  a  repetition  of  that  portion  of  the  previous  experiment  relating  to 
clover  hay,  but  upon  a  more  extended  scale,  and  shows  that  the  doubt 
expressed  as  to  the  accuracy  of  the  earlier  figure  for  availability  was 
apparently  fully  justified. 

The  general  plan  of  the  experiment  was  to  feed  the  animal  three 
different  amounts  of  red  clover  hay,  all  less  than  the  maintenance 
requirement,  and  to  investigate  the  metabolism  of  the  animal 
upon  each  ration  at  two  different  temperatures.  Unfortunately,  as 
appears  in  the  following  pages,  the  range  of  temperature  within 
which  the  respiration  calorimeter  could  be  used  was  .so  limited  that 
the  experiments  failed  to  afford  any  decisive  results  regarding  the 
influence  of  temperature  upon  metabolism. 

The  animal  used  was  the  same  grade  Shorthorn  steer  which  served 
in  the  experiments  of  1901-2  and  1902-3.  At  the  time  of  these  ex- 
periments he  was  approximately  5  years  old. 

DBSOBIPTION  OF  BZPEBIMBNT8. 
ANALYTICAL   METHODS. 

The  methods  employed  for  the  analysis  of  the  feed  and  the  excreta 
were  substantially  those  recommended  by  the  Association  of  Official 
Agricultural  Chemists.  The  nitrogen  of  the  feces  was  determined 
in  the  fresh  material  by  Konig's  method  and  the  nitrogen  of  the  urine 
by  direct  oxidation  by  the  Kjeldahl  method.  In  the  computation 
of  proteids  from  proteid  nitrogen  the  conventional  factor  6.25  was 
used  both  for  the  clover  hay  and  for  the  feces.  The  nonproteids 
were  computed  from  the  nonproteid  nitrogen  by  multiplication  by 
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THE   AVAILABLE   ENERGY   OP   RED    CLOVER   HAY. 


4.7,  the  factor  for  asparagin.  Carbon  and  hydrogen  were  determined 
by  combustion  \vith  cupric  oxide  in  a  current  of  air  followed  by  oxy- 
gen. The  heats  of  combustion  of  the  feed  and  excreta  were  deter 
mined  by  means  of  the  Atwater-Hempel  bomb  calorimeter. 

THE   FEEDS. 

The  hay  used  was  red  clover  hay  grown  on  the  college  farm  in  the 
sunmier  of  1903.  It  was  secured  without  rain  and  retained  most  of 
the  leaves  on  the  stems.  On  November  30  about  a  ton  of  this  hay 
was  run  through  a  feed  cutter  and  cut  to  lengths  of  about  7  to  10 
centimeters.  From  the  mass  of  cut  hay  two  separate  samples  were 
taken  by  the  same  method  as  in  previous  experiments.*  During  the 
progress  of  the  experiments  a  sample  of  hay  was  also  taken  at  the  time 
of  weighing  out  for  each  period,  as  described' in  subsequent  pages, 
or  three  samples  in  all.  The  following  table  shows  the  composition 
of  the  dry  matter  of  the  several  samples,  the  generally  close  agree- 
ment of  the  results  indicating  that  the  method  of  sampling  was 
sufiBiciently  accurate': 

Table  1. — Composition  of  clover  hay  (dry  matter). 


Constituents  and  energy. 

A. 

Per  cent. 

6.57 
11.69. 

0.78 
2a  78 
49.25 

2.93 

neral  sampU 

B. 

Percent. 

J8. 

Average. 

Samples 

Period  I. 

Per  cent. 

6.92 
12.11 

1.35 
28.45 
47.83 

3.33 

taken   during    experi- 
ments. 

Period  11. 

Per  cent. 

1          7.11 
'        11.82 
1     •    1.63 
1        28.02 
1        47.98 
3.44 

Period  III 

Aah 

Per  cent. 

Per  cent. 
6.84 

Proteids 

10.66      1 
0.99 

11.18 
0.89 

11.84 

Nonprotelds 

1.45 

Cmao  fiber 

28.83 

Nitrogen-free  extract 

Ether  extract 

47  09 

1 

3.35 

100.00 

100.00 

,      100.00 

100.00 

Total  carbon 

46.43 
2.039 
1.872 

Calorie  a. 

4.4932 

46.04 
2.042 

1.818 

Calories. 

4.4906  ! 

46.24 
2.041 
1.845 

Calories. 

4. 4919 

4«).57 
2. 223 
1.935 

Calories. 

4.4903 

46.24 

2.238 

1          1.890 

■    Caiories. 

1         .«88 

4<i.  17 

Total  nitrogen 

2.205 

Proteld  nitrogen 

1.895 

Heat    of    combustion,    per 
ffrani 

Calories. 
4.478 

PERIODS    AND   RATIONS. 

On  November  4,  1903,  the  steer  was  placed  in  a  stall  in  the  station 
bam  and  fed  6.35  kilograms  of  mixed  clover  and  timothy  hay  with  a 
little  grain  until  December  2,  1903,  wlien  the  grain  ration  was  with- 
drawn. On  December  26  the  feeding  of  the  ration  used  for  the  first 
period  of  the  experiment  was  begun,  and  on  January  2  the  animal  was 
transferred  to  a  stall  in  the  calorimeter  building.  The  hay  was  given 
in  equal  amounts  at  about  6  p.  m.  and  6  a.  m.  Each  period  covered 
twenty-one  days,  of  which  the  first  eleven  were  regarded  as  a    pre- 
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liminaiy  period  and  the  last  ten  as  constituting  the  digestion  period 
proper.  In  view  of  the  fact  that  all  the  rations  were  less  than  the 
maintenance  requirement,  intervals  of  seven  days  were  interposed 
between  the  successive  periods,  during  which  the  animal  was  removed 
t<o  the  station  bam  and  fed  a  ration  of  14  pounds  of  hay  and  10  pounds 
of  grain  daily.  The  table  shows  the  exact  dates  of  the  several  periods 
and  the  rations  fed. 

Table  2. — DciUi  and  ratiam. 

Period.  Interval.  PreliminAiy  periM.  DigMtion  period.       JJrSlem. 


I {  December  26  to  January  1 . . 

II {  January  23  to  January  29. . . 

Ill February  20 to  February  26. 


KUofframt. 

January  2  to  12 January  13  to  22 —  8.4 

January  30  to  February  9...'  February  10  to  19. . .  6.9 

February  27  to  March  8 ... .    March  9  to  18 4.8 


The  animal  was  watered  daily  at  about  1  p.  m.,  with  the  exception 
of  the  days  when  he  was  in  the  calorimeter  and  the  day  before  and 
after,  when  water  was  given  immediately  before  the  morning  feeding. 


DiAOBAM  1.— Live  wd^tB  of  animal. 
LIVE   WEIGHTS. 

The  animal  was  weighed  daily  at  1  p.  m.,  immediately  before  water- 
ing and  also  immediately  after,  the  difference  being  taken  as  repre- 
senting the  amoimt  of  water  consumed.  On  the  days  when  the  ani- 
mal was  in  the  calorimeter  the  weight  was  taken  immediately  before 
entering  and  immediately  after  leaving  the  apparatus.  The  figures 
for  Hve  weight  and  amount  of  water  consumed  are  given  in  Table  I  of 
the  Appendix  in  connection  with  the  weights  of  the  excreta,  and  the 
live  weights  are  shown  graphically  on  Diagram  1. 
12237-r-Bull.  101—07 2 
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10  THE  AVAILABLE   ENEBGY   OF   BED   CLOVER   HAY. 

DETERMINATIONS   OF   DIGESTIBILITY. 
WEIOHINO   AND   SAMPLING   OF   FEED. 

The  hay  for  each  period  was  weighed  out  in  advance  in  cloth  bags, 
a  day's  ration  in  a  bag.  In  filling  the  bags  the  mass  of  hay  was  worked 
into  from  the  side,  taking  all  the  material  down  to  the  floor.  While 
the  bags  were  being  filled,  two  or  three  portions  of  the  hay  were  taken 
from  each  bag  and  set  aside  in  a  covered  vessel.  Immediately  after 
the  weighing  this  was  rapidly  chopped  in  a  meat  chopper,  thoroughly 
mixed,  and  a  sample  of  1,000  to  1,500  grams  was  taken  to  the  labora- 
tory in  a  covered  vessel  for  determination  of  dry  matter  and  of  the 
composition  of  the  latter,  with  the  results  shown  in  Table  1. 

TREATMENT   OF   SAMPLES. 

The  samples  when  received  at  the  laboratory  were  immediately 
weighed;  air-<lried  at  a  temperature  of  about  60^  G.,  allowed  to  hang 
at  ordinary  temperature  in  heavy  paper  bags  for  several  days,  and 
then  ground  in  a  mill  as  rapidly  as  practicable,  and  preserved  in 
sealed  bottles.  The  analyses  were  made  as  promptly  as  practicable, 
although  not  in  all  cases  immediately. 

HOURS  OF  FEEDING. 

As  a  matter  of  convenience  in  arranging  for  the  work  with  the  res- 
piration calorimeter,  the  hour  of  6  p.  m.  was  taken  as  the  beginning 
of  the  day.  Approximately  one-half  of  the  hay  was  given  at  this 
time  and  the  remainder  twelve  hours  later. 

COLLB(7nON    AND   SAMPLING    OF   EXCRETA. 

The  animal  was  provided  with  the  rubber  duct  described  and  illus- 
trated in  a  previous  publication"  for  the  collection  of  the  feces  and 
with  the  ordinary  urine  funnel.  These  were  worn  both  during  the 
preliminary  days  and  during  the  digestion  period  proper,  but  not  dur- 
ing the  intervals  between  the  periods.  The  apparatus  served  its  pur- 
pose excellently,  loss  of  excreta  occurring  in  but  few  instances. 

During  the  digestion  period  the  excreta  were  weighed  promptly  at 
the  end  of  each  twenty-four  hours,  and  a  sample  was  drawn  after 
thorough  mixing  and  taken  at  once  to  the  laboratory  for  treatment. 
There  a  uniform  percentage  of  the  total  excretion  was  set  aside  for  a 
composite  sample,  chloroform  being  used  as  a  preservative.  At  the 
close  of  the  period  these  composite  samples  were  thoroughly  mixed. 
In  the  feces  the  total  nitrogen  in  the  fresh  substance  was  determined 
by  the  Konig  method,  while  a  portion  of  the  composite  sample  was 
also  air-dried  at  about  60°  G.  and  the  air-dry  sample  subjected  to  the 
usual  method  of  analysis,  including  the  determination  of  its  heat  of 
combusiJo^  4iBd  of  parbon  and  hydrogen.     In  the  mixed  sample  of 
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urine  the  total  nitrogen,  total  carbon,  hydrogen  in  organic  combina- 
tion,  and  heat  of  combustion  were  determined. 

DIOX8TIBILITY   OF   RATIONS. 

Period  I  (January  IS-tt,  1904). 

The  live  weights  of  the  animal  and  the  weights  of  excreta  are 
shown  in  Table  I  of  the  Appendix.  The  following  table  shows  for 
the  digestion  period  proper,  the  weight  of  hay  fed,  of  hay  eaten,  and 
of  the  portions  remaining  imeaten;  the  weight  of  excreta  collected, 
of  the  portions  spilled,  and  of  the  total  excretion;  and  the  cor- 
responding weights  and  percentages  of  dry  matter  found. 
Table  3. — Feed  and  excreta — Period  I. 


Feed  and  excieta. 


Hay: 

Total  in  10  days 

Uneaten  January  21a. 
Uneaten  January  22 . . 


Total  uneaten. 


Eaten 

Eaten  per  day. 


Fresh 
weight. 

Oramt. 

34.000.0 
63.0 
15.9 


78.9 


33,921. 1 
3,392.1 


Feces: 

Collected  In  10 days..: 

Si^Ued  in  calorimeter  January  14. 

Adhering  to  duct  January  14 

Spilled  in  stall  January  16 

Spilled  in  calorimeter  January  22. 
SpUled  in  staU  January  22 


Total  excretion. 
Daily  excretion. . . , 


54,937.0 

109.1 

18.0 

1.2 

25.1 

36.6 

56,127.0 
5,512.7 


Dry  matter. 


Per  ceia.  Orams. 

86.32  29,348.8 

3.33  2.1 

83.65  13.3 


15.4 

29,333.4 
2.933.3 


29.36 


41.52 
28.44 


11,25&6 
34.0 
6.1 
l.l 
10.4 
10.4 

11.31K.6 
1,131.8 


•  Including  water  spilled  in  feed  box. 

The  composition  of  the  dry  matter  of  the  feeding  stuffs  has  already 
been  stated  in  Table  1,  and  that  of  the  dry  matter  of  the  feces  is 
shown  in  Table  II  of  the  Appendix. 

Basing  the  computation  upon  the  above  average  weights,  the 

digestibility  of  the  hay,  as  shown  in  Table  III  of  the  Appendix,  was 

as  follows: 

Tablb  4. — Digestibility  of  ration — Period  I. 

Constituents  and  energy. 


S2 


matter. 


Organic  matter 

Proteids 

Nonproteids  a 

Crude  fiber .*.., 

?9itrogen>f  ree  extract . 

Ether  extract 

Nitrogen , 

Carbon 


Energy. 


Total 

Digesti- 
bility. 

digested. 

Orams. 

Pfr  cent. 

1,801.4 

61.41 

89.4 

44.04 

1,712.0 

62.70 

193.8 

54.  .56 

39.6 

100.00 

462.2 

55.37 

954.8 

68.05 

60.8 

62.24 

30.36 

60.36 

819.07 

59.96 

Calorifx 

7.767.3  ft 

58.97 

a  Assumed  to  be  wholly  digestible. 

*Tbe  calorie  referred  to  in  this  bulletin  is  the  large  calorie  (kilogram-caloric;  often  written  with  a 
oapltai  C).  A  calorie  is  the  amount  of  heat  required  to  raise  the  temperature  of  1  kilogram  (2.2 
poimds}  of  water  1  degree  centigrade,  or  about  4  pounds  of  water  1  degree  Fahrenheit. 
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Period  II  (February  10-19,  1904). 

The  following  tables,  corresponding  to  those  for  Period  I,  sum- 
marize the  weights  of  food  and  excreta  and  the  percentage  digesti- 
bility of  the  hay,  which  are  contained  in  detail  in  Tables  II  and  III 
of  the  Appendix. 

Table  5.  —Feed  and  excreta — Period  II. 


Feed  and  excrotA. 


Fresh 
weight. 


Dry  matter. 


llay:                                                                                                       I  GratM. 

Total  In  10  days !  S9,000.0 

Uneaten  February  17  a 580. 0 

Uneaten  February  18 27. 0 

Uneaten  February  19 23. 2 

Eaten I  68, 360.  8 

Eaten  per  day :  5,836. 0 

Feces:  { 

Total  In  10  days '  «7,807.0 

Spilled  In  calorimeter  February  12 142. 4 

Spilled  in  staU  February  13 51. 6 

Collected  in  calorimeter  February  19 '  56. 2 

SpiUed  hi  stall  February  19 4.7 

Total  excretion '  98,061. 9 

Daily  excretion 9,806. 19 


Percent. 
85.24 
2.15 
23.33 
8&11 


Oram^. 
50,201.5 

12.5 
6.3 

19.5 


50,253.3 
5.025.33 


19,316.88 

34.3 

19.9 

2&46 

1.3 


19,400.84 
1,940.1 


a  Including  water  spilled  in  feed  box. 
Table  6. — Digestibility  of  ration — Period  II. 


Constituents  and  energy. 


Dry  matter, 
^sh. 


Orams. 

3,085.2 

146.2 

2,930.0 

32L2 

81.9 

78a  2 

Nitrogen-free  extract 1,63&  9 

Ether  extract 110. 8 

Total  nitrogen 60. 02 

Total  carbon '  1. 391. 9 

i  Calorie: 
Energy 13,426.7 


Organic  matter. 

Proteids 

Nonproteidsa... 
Cruoe  fiber. 


Total 
digested. 


Dlgesti- 
bflity. 

Percent. 
61.30 
40.92 
62.96 
54.08 
100.00 
55.97 
67.90 
64.08 
61.37 


50.51 


a  Assumed  to  be  entirely  digestible. 


Digitized  by  VjOOQIC 


THE   URINARY    BX0R£TION. 


IS 


Period  III  (February  27  to  March  18). 

In  this  period  the  final  results  were  as  follows: 

T^BLE  7. — Feed  and  excreta—Period  III, 


Feed  and  excreta. 


'      Freeh 
,    weight. 


Hay:  '    Orava. 

Total  In  10  dATS 1    48,000.0 

Realdue  March  0 '  28.0 

Residue  M&rdiO '         13&6 

ReofdcM  MaxtA  10 5.8 

Reaidoe  Maitsh  16 1 

RedduBManhlT 20.4 

Reddue  March  17 

Readue  at  end  of  period 


Dry  matter. 


Eaten 17,74ft.  I 

Eaten  per  day 4,774. 6 


Percent,   . 
8&48  ' 
8&57  ; 
2&51 
S7.e3 


Feces: 

Total 

Spilled  March  11. 

Spilled  Mandi  18. 
«     Adhering  to  duct . 


75, 


)03.0 
37.0 
».6 


Total  excretion 75,750.6    I. 

Daily  excretion 7,575.06  |. 


01.83 


Orams. 

41,5ia4 

24.8 

30.6 

5.1 

&1 

27.0 

4.2 

10.2 


21.38 
61.02 
61.16 


41,301.4 
4,130.14 


16, 183. 16 
22.80 

11  eo 

53.00 

16,271.50 
1.627.16 


Table  8. — Digestibility  of  raiion— Period  III. 


Conetltacntfl  and  energy. 


Dry  matter. 

Aah. 

Organic  matter. 

Protelda 

Nonprotelds  a 

Crude  fiber 

NItrogen-lree  extract. 

Ether  extract 

Total  nitrogen , 

Total  carbon 

Energy 


Total 
digested. 


Qfomt. 

2,511.9 

104.3 

2,407.6 

262.1 

60.0 

642.0 

1,352.5 

91.0 

54.8 

1,131.0 

Caiories. 

10,869 


DIgeetl- 
bOlty. 


Percent. 
60.68 
36.83 
62.43 
53.48 
(100.00) 
53.  SI 
68.51 
66.02 
60.08 
50.18 

58.64 


a  Assumed  to  be  wholly  digestible. 
THE   URINARY   EXCRETION. 

Table  IV  of  the  Appendix,  based  upon  the  weights  recorded  in 
Table  I,  shows  the  total  amounts  of  nitrogen,  carbon,  and  potential 
energy  in  the  urine.  In  those  cases  in  which  some  was  spilled,  the 
material  was  taken  up  as  completely  as  possible  with  the  aid  of  dis- 
tilled water  and  the  weight  and  nitrogen  content  of  the  washings 
determined.  It  has  been  assumed  that  their  content  of  carbon  and 
of  enei^  was  proportional  to  the  nitrogen.  The  following  table 
gives  a  summary  of  the  average  daily  excretion: 

Table  9. — Average  daily  excretion  in  urine — Periods  J,  J/,  and  III. 


Period. 

Nitrogen. 

Carbon. 

Energy. 

Eneigy 
per  gram 
of  carbon. 

I 

Grami. 
.•50.75 

a).r>5 

Orfims. 
112. 15 
168.76 
141.80 

Calories. 
1,046.40 
1,522.25 
1,247.16 

Oahriea. 

11 

9.02 

Ill 

8.79 

Digitized  by  CjOOQ IC 


14 


THE  AVAILABLE   ENERGY   OP   RED   CLOVER   HAY. 


It  will  be  observed  that  the  results  obtained  for  the  energy  per  gram 
of  carbon  in  the  urine  tend  to  be  rather  lower  than  those  found  in 
Kellner's  well  known  experiments,  the  average  being  9.05  calories  as 
compared  with  9.6  calories  found  by  Kellner  for  lean  animals.  On 
the  basis  of  later  experience,  we  are  inclined  to  suspect  that  our  esti- 
mate of  the  energy  lost  in  the  drying  of  the  samples  is  somewhat  too 
low.  Nevertheless,  the  discrepancy  between  our  figures  and  Kellner's 
is  much  less  than  in  the  previous  year  and  the  results  have  been  used 
as  reported. 

GROWTH   OF  EPIDERMAL  TISSUE. 

The  steer  was  thoroughly  brushed  each  time  immediately  before 
entering  the  calorimeter  and  after  leaving  it,  and  the  hair,  dandruff, 
etc.,  in  the  latter  case  collected.  To^his  was  added  the  small  amount 
brushed  up  from  the  floor  of  the  calorimeter.  In  these  samples  deter- 
minations of  nitrogen,  carbon,  and  energy  were  made  with  the  follow- 
ing results,  which  include  for  each  period  the  total  for  the  four  days 
during  which  the  animal  was  in  .the  calorimeter. 

Table  10. — Weight  and  composition  of  hairy  dandruff ,  etc. — Periods  /,  /J,  and  HI. 


Constituents  and  eneigy. 


Period  I. 


Weight grams, 

Dry  matter I)er  cent. . 

Weight  of  dry  matter. grams..' 

In  drv  matter:  . 

Nitrogen—  | 

Percentage 

Weight grams..! 

Carbon—  | 

Percentage 

Weight grams 

Energy  - 

Per  gram calories. 

Total calories. 


29.0 

93.10 

27.0 


4.59 
1.242 


36.716 
9.928 


4.106 
110.91 


Period  II. 


35.3 

93.76 

33.1 


6.31 
2.08 


40.19 
13.30 


4.533 
1.W.04 


Period  III. 


93.48 
49.36 


7.83 
3.86 


42.56 
21.00 


4.747 
234.31 


Average. 


Per  period. 

Per  day. 

2.39 

ceo 

14.74 

3,39 

165.10 

41.30 

As  in  previous  buUetii^,  it  has  been  assumed  that  these  figures  rep- 
resent the  normal  rate  of  production  of  hair,  epidermis,  etc.,  by  the 
animal  during  the  experiment,  but  not,  of  course,  the  matter  and 
energy  contained  in  the  growth  of  hoofs  and  horns.  In  the  succeed- 
ing computations,  the  averages  of  Table  10  have  been  deducted  from 
the  gain  (i,  e,,  added  to  the  loss)  to  determine  the  real  gain  of  flesh  and 
fat,  but  they  have  of  course  been  included  as  a  part  of  the  total  gain 
in  the  final  computations  of  availability. 

DETERMINATIONS   OF   RESPIRATORY   PRODITCTS. 

As  was  stated  in  the  introduction,  the  total  metabolism  was  deter- 
mined at  two  different  temperature^s.  For  this  purpose  the  animal 
was  placed  in  the  calorimeter  on  the  first  and  second  days  and  on  the 
eighth  and  ninth  days  of  the  ten-day  digestion  period  proper.     Diir- 


Digitized  by  Google 


DBTEBMINATIOKS   OF   BBSFIIUTOBT   PBODU0T8. 


16 


ing  the  first  of  these  two  respiration  experiments  the  temperature  of 
the  calorimeter  was  kept  at  19^  C.  and  during  the  second  at  13.5^  C. 
In  the  statements  which  follow  the  dates  given  indicate  the  twenty- 
four  hours  ending  at  6  p.  m.  on  the  date  named. 

Tablb  11. — Dates  of  respiration  erperiments — Periods  /,  77,  and  IIL 


Period. 


At  ir  C. 


I January  13 and  14, 1«M.... 

II Febniary  10  and  U,  1904.  . 

Ill March  9  and  10, 1904 


[ 


At  13.5«  C. 


January  20  and  21, 1904. 
February  17  and  18, 1904. 
Mareh  16  and  17,  1904. 


The  respiratory  products  were  determined  during  forty-eight  hours 
continuously,  the  time  being  divided  into  four  subperiods  of  twelve 
hours  each,  the  apparatus  used  being  the  respiration  calorimeter 
briefly  described  in  Bulletin  51  of  this  Bureau  and  more  fully  in  the 
Experiment  Station  Record,  Vol.  XV,  p.  1037. 

It  is  impracticable  to  reproduce  here  all  the  details  of  these  deter- 
minations. For  the  general  methods  employed  the  reader  is  referred 
to  the  publications  just  mentioned. 


CHECK  TESTS. 


External  air. — As  stated  in  previous  bulletins,  check  tests  are 
depended  upon  as  a  means  of  computing  the  amoui/i  of  combustible 
gases  contained  in  the  air  as  it  enters  the  respiration  chamber.  The 
check  tests  were  made  at  intervals  during  the  experiments  here 
described  with  the  following  results : 

Table  12. — Combustible  gases  in  external  air. 


Date. 


January  7, 1904. . 
January  25, 1904. 
Harch  1,1904.... 
3Caxch  21, 1904. . . 
]iarefa21, 1904... 


Obeeryed 
volume 
of  air. 


LUert. 

1,090 

1,139 

1,090 

041 

892 


Water 
weighed. 


Carbon 

dloxld 

weighed. 


Per  100  liters  dry  air 
at  0'  C.  and  760  mm. 

'  Hydrogen.     Carbon. 


I 


Oram. 
0.0135 
.0230 
.0170 
.0175 
.0143 


Average. 


Oram. 
O.OONO 
.0080 


MiUigram.  MiUigram. 


.0071  I 
.0047 


0.153 
.243 
.193 
.22») 
.194 


0.223 
.208 


.224 
.157 


.'An 


.'2ix^ 


As  before,  the  results  are  somewhat  variable,  but  in  no  case  are  the 
corrections  large  as  compared  with  the  total  amounts  determined  in 
the  experiments  upon  the  animal. 

Alcohol  ekeck  tests, — The  accuracy  of  the  apparatus  was  tested,  as 
in  previous  years,  by  burning  in  it  known  amounts  of  ethyl  alcohol  and 
determining  the  amounts  of  carbon  dioxid,  water,  and  heat  evolved. 
The  results  of  these  alcohol  check  tests  as  regards  carbon  dioxid  and 
heat  are  given  below.  The  results  upon  water  have  not  yet  proven 
satisfactory. 
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Table  13. — Results  of  alcohol  check  tests. 


Dun- 
tlon. 

Weight  of 
alcohol. 

Carbon  dloxid. 

Heat. 

Date. 

dralod. 

Anhy- 
drous. 

Com- 
puted. 

01>- 
served. 

Percent- 
age ob- 
served. 

Com- 
puted. 

Ob- 
served. 

Percent- 
age ob- 
served. 

MAXch25, 1004 

Hours. 
6 
7 

Grams. 
487.12 
641.68 

Grams. 
436.89 
486.82 

Grams. 
834.00 
928.40 

Grams. 
830.68 
007.51 

99.48 
97.74 

CaJones. 
31,253 
34,753 

Calories. 
31,428 
35,490 

100.57 
102.13 

It  will  be  noted  that  the  agreement  of  the  results  in  the  test  of  Jan- 
uary 6  is  very  satisfactory,  while  in  that  of  March  25  a  somewhat 
greater  departure  from  the  theoretical  results  occurred. 


RESULTS   UPON  THE   ANIMAL. 


Tables  V,  VI,  VII,  VIII,  IX,  and  X  of  the  Appendix  contain  the 
results  of  the  determinations  of  the  respiratory  products  for  the  several 
periods  and  subperiods.  These  are  summarized  in  the  table  follow- 
ing: 

Table  14. — Excreted  in  respiration. 


Period  and  nubperiod. 

Carbon 
asCOi. 

Grams. 
533.15 
530.01 

Carbon 
asCHi. 

Water. 

Period  la: 

Subperiod  1 

Grams. 
26.97 
23.20 

Grams. 
1,979.72 

Subi>ertod  2 

2,048.84 

First  day 

1,063.16 

4».17 

4,028.56 

Subperiod  3 

Subperiod  4 

542.45 
552.44 

25.40 
27.39 

1,925.27 
1,886.38 

Second  day 

1,094.89 

52.79 

3,811.65 

Average . 

1,079.03 

50.98 

3,920.11 

Period  16: 

Subperiod  1 

533.80 
539.19 

25.36 
23.24 

1,242.85 

Subperiod  2 .... 

1,395.35 

First  day 

1,072.99 

48.60 

2,638.20 

Subperiod  3 

Subperiod  4 

545. 31 
566.16 

25.73 
23.14 

1,377.35 
M, 498. 50 

Second  day 

1.111.47 

48.87 

2,875.85 

Average - 

1,092.23 

48.74 

2,757.03 

Period  Ila: 

Subperiod  1 

605.68 
642.34 

31.40 
41.68 

2, 270. 10 

Subperiod  2 . . 

2,395.53 

First  day 

1,248.02 

73.08 

4,665.63 

Subperiod  3 . .                              

642.50 
628.97 

38.45 
25.43 

2,377.88 

Subperiod  4 

2,358.17 

Second  day 

1.271.47 

63.88 

4,736.06 

Average... 

Period  lib: 
Subperiod  1 . 
Subperiod  2. 

First  day.. 

Subperiod  3. 
Subperiod  4. 


Second  day . 
Average — 


1,2,59.75 


615. 27 
622.32 


1,237.59 


622.96 
61H.  04 


4,700.84 


19.72  I 
22.05  I 


1,684.21 
1,649.37 


41.77 


31.20 
(7) 


1,241.00 
1.239.;«)  I 


3,333.58 


1,782.71 
1,772.73 


3,555.44 


48.64 


3,444.51 
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Tablb  14 — BxerUed  in  ref|mti(to«*-Coiitmued. 


Poxlod  and  rabpeiiod. 


Carbon 
MCOa. 


Carbon 
aa  CH4. 


Water. 


Period  Ula: 
9ubperl9dl. 
SQbp6ri0d2. 

Flistday.. 

8ato«ziod3. 
Snbperiod  4. 


Second  day. 
Averace 


Orams, 
687.20 
668.68 


Orami. 
a».08 
•  34.07 


Grams, 
3,349.64 
3,283.80 


1,156.94 


a  62. 10  I        <633.04 


681.71 
663.11 


36.08 
27.36 


2,186.96 
3,364.64 


1,144.82 


1,160.38 


62.44  I       <6fi0.63 


4,501.78 


t 


Period  IIU>: 
Subperlod  1.. 
Subpenod  2. . 

Flimtday.. 

Sabpertod  3. 
SnbperVodi. 


Beoosidday. 
Averase 


666.33 
660.76 


34.13 
31.38 


1,128.99 


65.41 


668.88 
573.39 


31.94 
34.35 


1,766.48 
1,622.86 


3,379.34 


1,603.33 
1,851.48 


1,141.18  I 


66.29  I        3,644.80 


1,135.09 


00.85 


3,463.07 


a  Includfle  a  oomction  for  tbe  time  during  which  the  gaa  supply  of  the  oombuetlon  furnaces  was  cut  off. 

Hydrocarbon  ga^ea. — In  the  experiment  with  timothy  hay  in  1901-2 
it  was  shown  that  the  ratio  of  hydrogen  to  carbon  in  the  combustible 
gases  given  off  by  the  animal  was  almost  identical  with  that  for  meth- 
ane, while  in  the  experiment  of  the  succeeding  year  it  was  appreci- 
ably lower.  The  corresponding  results  for  the  present  experiment 
were  as  follows: 

Tablb  15. — Compoiition  of  combttitible  gaus. 


Pedod  and  subperlod. 

Hydro- 
gen. 

Carbon. 

Ratio  of 
to  carbon. 

Methane 
com- 
puted 
from 

carbon. 

Period  la: 

Subperlod  1 

Qranu. 
8.03 
7.23 

Oram: 
25.97 
23.20 

1:3.234 
1:3.209 

Oram*, 
34.70 

8abperiod2 

31.00 

First  day 

15.36 

49.17 

1:3.225 

65.70 

fillhMTlMl  ? 

8.02 
8.60 

25.40 
27.39 

1:3.167 
1:3.152 

33.94 

•uBSodJ.. .:..:::::..:..:::.::.:.:::::: ::: 

.Ifi  .110 

Beo9iKl  day. . 

16.71 

53.79 

1:3.159  '          70.53 

Avwacp 

16.09 

50.96 

1:3.188  i         68.11 

FMtodI»: 

Subperlod  1 

7.67 
7.06 

25.36 
23.24 

1:3.306  1         33.88 

Subperlod  2 

1:3.292           31.06 

Firstday 

14.73 

48.60 

1:3.299  1         64.93 

8Dbperiod3 

8.49 
7.15 

25.73 
23.14 

1:3.031  i         34.38 

8abperiod4 ... 

1:3.237  1         30.92 

Second  day . .     .  . 

15.64 

48.87 

1:3.125  !          65.30 

AyeiBge 

15.19 

48.74 

1:3.209  1         65.12 

12237— Bull.  101—07- 
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Table  15. — Composition  of  combustible  gases — Continued. 


Period  and  ^mbperiods. 

Hydro- 
gen. 

Carbon. 

Ratio  of 
hydrogen 
to  carbon. 

com- 
puted 
ironi 
carbon. 

Period  IIo: 

Subperiodl 

Oramt. 
9.«2 
13.19 

Cframa, 
31.40 
41.68 

1:3.165 
1:3.160 

Grams. 
41.95 

Subperiod  2 

55.60 

First  day 

23.11 

73.08 

1:3.162 

97.64 

Sabperiod  3 

12.36 
7.91 

38.45 
25.43 

1:3.111 
1:3.215 

51.37 

Subperiod  4 ^ '. 

33.98 

Second  day 

30.27 

63.88 

1:3.151 

85.35 

Average 

21.69 

68.48 

1:3.157 

91.49 

Period  116: 

Subperiod  1 

6.09 
7.43 

19.72 
22.05 

1:3.238 
1:2.988 

26.35 

Subperiod  2 

29.46 

First  day 

13.52 

41.77 

1:3.090 

55.81 

Subperiod  3 

9.79 
(?) 

31.20 
(?) 

1:3.187 

41.68 

Sabperiod  4 ^ 

Second  day 

Average 

Period  Ilia: 

Subperiod  1 

08.89 
alO.88 

a28.03 
a34.07 

1:3.153 
1:3.131 

37.4.5 

Subperiod  2.     .         . 

45.52 

First  day 

19.77 

62.10 

1:3.141 

82.97 

Subperiod  3 .* 

7.89 
8.63 

25.08 
27.36 

1:3.179 
1:3.171 

33.51 

Subperiod  4 

36.  &5 

Second  day 

16.52 

52.44 

1:3.174 

70.  OR 

Average 

18.15 

57.27 

1:3.155 

76.52 

Period  III6: 

Subperiod  1 

7.26 
10.03 

24.13 
31.28 

1:3,324 
1:3.119 

32.24 

Subi>eriod2 

41.79 

First  day 

17.29 

55.41 

1:3.205 

74.03 

Subperiod  3 

ia4o 

11.06 

31.94 
34.35 

1:3.071 
1:3.106 

42.67 

Subi>eriod  4 

45.89 

Second  day 

21.46 

66.29 

1:3.060 

88.56 

Average 

19.38 

60.85 

1:3.140 

81.30 

a  Includes  a  correction. 

It  will  be  observed  that  in  every  instance  the  ratio  of  hydrogen  to 
carbon  is  lower  than  that  in  methane.  The  average  ratio  for  all  the 
periods  is  almost  exactly  the  same  as  that  found  in  the  experiments  of 
the  previous  year,  as  reported  in  Bulletin  74  of  this  Bureau,  viz,  1 : 3.17, 
which  corresponds  to  the  following  composition  as  compared  to  the 
theoretical: 


Found. 

In  meth- 
ane. 

(}arbon 

Per  cent. 
76.02 
23.96 

Per  cent. 
74.85 
25.15 

Hydrogen 

100.00 

100.00 
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The  presence  of  free  hydrogen  in  the  intestinal  gases  of  animftla  has 
occasionally  been  noted,  but  it  is  difficult  to  see  what  compound 
richer  in  carbon  than  methane  would  be  likely  to  be  present.  In  the 
light  of  subsequent  experience,  we  are  inclined  to  suspect  that  insuffi- 
cient heating  of  the  platinized  kaolin  may  be  responsible  for  the  defi- 
ciency of  hydrogen.  At  any  rate,  pending  a  critical  study  of  the 
method  employed,  we  have  for  the  present  computed  the  excretion 
of  methane  from  the  amoimts  of  carbon  shown  in  the  above  table. 

The  results  of  Period  IB,  il  will  be  noted,  are  exceedingly  low,  and 
none  at  all  are  reported  for  subperiod  4  of  this  period.  In  the  subse- 
quent computations,  therefore,  these  results  have  been  rejected  and 
those  obtained  in  Period  Ila,  on  the  same  ration,  employed. 

DETERMINATIONS  OF  HEAT. 

It  is  impracticable  to  reproduce  here  the  very  voluminous  records 
required  for  the  determination  of  the  heat  produced,  and  it  must  suf- 
fice to  indicate  the  general  method  and  to  summarize  the  main  results. 

As  explained  in  Bulletin  51,  the  heat  given  off  by  the  animal  as 
sensible  heat  is  removed  from  the  apparatus  by  a  water  current,  the 
amount  thus  removed  being  measured  by  the  product  of  the  amount 
of  water  passing  through  the  absorbers  and  the  rise  in  temperature 
during  its  passage  through  the  apparatus.  As  noted,  the  tempera- 
ture of  the  water  is  taken  every  four  minutes,  while  the  efflux  of  each 
100  liters  is  noted  on  the  records.  In  any  portion  of  the  experiment 
during  which  the  rate  of  flow  of  water  is  uniform  we  may,  without 
sensible  error,  compute  the  averages  of  the  ingoing  and  of  the  outcom- 
ing  temperatures  and  multiply  the  total  weight  of  water  by  the  differ- 
ence between  the  two.     Certain  corrections  are  necessary,  however. 

First.  The  pipe  composing  our  absorber  being  of  small  diameter, 
there  is  a  not  inconsiderable  pressure  upon  the  bulbs  of  the  ther- 
mometers, and  this  pressure  varies  with  the  rate  at  which  the  water 
flows.  Since  the  pressure  is  greater  upon  the  ingoing  than  upon 
the  outcoming  thermometer,  the  effect  is  to  render  the  observed 
difference  in  temperature  too  small.  A  correction  for  this  effect  has 
been  worked  out  experimentally  for  the  range  of  pressiu-e  used  and 
is  applied  in  the  table. 

Second.  The  friction  of  the  water  in  the  absorbers  is  itself  the  source 
of  a  small  amoimt  of  heat,  which  is  computed  from  the  difference 
in  pressure  at  entrance  and  exit  and  the  weight  of  the  water  passing 
through  the  absorbers. 

Third.  As  Atwater  and  Rosa  have  shown,  it  is  essential  to  take 
accoimt  of  the  variation  in  the  specific  heat  of  water  at  different 
temperatures.  We  have  followed  their  practice,  and,  assuming  the 
spedfic  heat  of  water  at  20°  C.  as  unity,  have  expressed  all  our 
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results  in  calories  at  20^,  using  for  this  purpose  the  table  of  the 
specific  heat  of  water  given  by  those  observers.** 

Fourth,  Corrections  have  to  be  made  for  the  heat  introduced  into 
the  apparatus  or  withdrawn  from  it  in  case  the  feed,  drink,  excreta, 
and  vessels  containing  them  are  introduced  or  removed  at  a  tem- 
perature different  from  that  of  the  calorimeter.  The  net  amount  of 
these  corrections,  as  appears  from  the  table,  is  ordinarily  small,  but 
the  single  factors  are  sometimes  not  inconsiderable.  This  is  espe- 
cially the  case  with  the  feces,  where  considerable  difficulty  has  been 
experienced  in  determining  the  true  average  temperature  of  the  mass. 

The  results  of  these  several  computations  are  contained  in  Table 
XI  of  the  Appendix.  To  the  heat  thus  measured  is  to  be  added  the 
latent  heat  of  water  vapor  evaporated  in  and  carried  out  of  the 
chaniber.  This  is  computed  from  the  results  for  water,  assuming 
the  latent  heat  of  vaporization  to  be  0.592  calorie  per  gram. 

The  following  table  contains  a  summary  of  the  amoimts  of  heat 
measured  in  the  calorimeter  in  the  several  periods  and  subperiods. 
By  a  series  of  accidents  the  results  for  Period  116,  subperiods  3 
and  4,  were  rendered  valueless. 


Table  16. — Heat  measured  in  calorirneter. 


Period  la. 

Period  16. 

Period  Ila. 

Period  1X6.      ^f(l^ 

Period 
III6. 

First  day: 

Subperlod  1 

CaUnies, 
5,667.92 

Calories.      Calories. 
5,827.99         5.765.01 

Calories. 
6,773.06 
6,300.77 

Calories. 
5,586.97 
5,322.91 

Calories. 
5,683  14 

Subperlod2 

Total  

5,213.80 

5,639.28 

5,115.06 

10,881.72 

11,405.19 

11,073.83 

10. 909. 88 

in  7QS  on 

Second  day: 

Subperiods 

■•■• 

5.522.33 

5,966.95 
5,739.96 

5,901.96 
5,721.91 

5,324.48 
5,350,96 

5,346.11 

8ubperiod4 5.605.56 

5, 561. 71 

Total 

Average  per  day 

11,127.89 

11,696.91 

11,623.87 

10, 675. 44 

lo.onri  ft2 

11,004.8 

11,514.53 

10,792.66 

10,852.5 

KATE    OF   HEAT    EMISSION. 


As  in  previous  experiments,  the  rate  at  which  heat  was  emitted  by 
the  animal  varied  notably  according  as  the  animal  was  standing  or 
lying.  The  following  table  shows  the  total  heat  emitted  during  the 
periods  of  standing  and  lying,  respectively.  The  figures  of  this  table 
relate  only  to  the  amount  of  heat  given  off  by  radiation  and  con- 
duction and  removed  from  the  calorimeter  in  the  water  current,  and 
do  not  include  the  heat  carried  off  as  latent  heat  of  water  vapor. 

oU.  S.  Department  of  Agriculture,  Office  of  Experiment  Stations  Bulletin  63,  p.  56. 
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TABI.E  17. — Heat  tmisnon,  standing  and'lyirig. 

-       "  '  "  I  I 

Period  and  mibpertod.  Time.  Position. 


Period  la: 

Subpertod  1—  MinmUt, 

oiX)  p.  m.  to  11 JIO  p.  m '  309 

11.59  p.  m.  to  2.13  a.  m 134 

2.13  a.  m.  to  6.00  a.  m 227 

Subpertod  2— 

O.0O  a.  m.  to  9.44  a.  m 224 

9.44  a.  m.  to  11.39  a.  jn 115 

11J9  a.  m.  to  6.00  p.  m 381 

Subpertod  3— 

ojOOp.  m.  to7.46p.  m 106 

7.46  p.m.  to7Jilp.  m 5 

7.51p.m.  tol2JS8a.  m 307 

12.58  a.  m.  to  3.0S  a.  m 130 

3Mti.m.  toOjOOa.  m 172 

Subpertod  4— 

64)0  a.  m.  to  6.00  p.  m T20 

Period  Ila: 

Subpertod  1— 

6.00  p.  m.  to  2J6  a.  m 516 

2.36  a.  m.  to  5.01  a.  m 146  ' 

5.01  a.  m.  to  6.00  a.  m 60  < 

Subperlod  2— 

OtOO  a.  m.  to  9.41  a.  m 221 

9.41  a.  m.  to  12.46V  m 185 

12.46  p.  m.  to  2.46  p.  m 1 W 

•       2.46  p.  m.  to  4.29  p.  m 103 

4.29  p.  m.  to  6.00  p.  m 91 

Subpertod  3—  > 

6.00  p.  m.  to  8.55  p.  m T 175  ' 

8.55  p.  m.  to  10.42  p.  m 107 

10.42  p.  m.  to  2i)6  a.  m 203 

2.05  a.  m.  to  4.33  a.  m 148 

4.33  a.  m.  to  6i)0  a.  m 87  , 

Subpertod  4— 

6.00  a.  m.  to  8.12  a.  m 132  ' 

8.12  a.  m.  to  10.36  a.  m 144 

10.36  a.  m.  to  1.07  p.  m 151  , 

1.07  p.  m.  to  2.49  p.  m 102  ' 

2.49  p.m.  to  6.00  p.  m 191 

Period  Illa: 

Subpertod  1—  I 

6.00  p.  m.  to  SJ7  p.  m 177  I 

8.57  p.  m.  to  9.36  p.  m 39 

9J6p.  m.  to  2.53  a.  m 317 

2.53  a.  m.  to  4.58  a.  m 125 

4.58  a.  m.  to  6iK)  a.  m 62 

Subpertod  2— 

6.00  a.m.  to  8.31  a.  m 151 

8,31  a.  m.  to  10.10  a.  m 99 

10.10  a.m.  to  11.46  a.  m 96 

11.46  a.  m.  to  2.27  p.  m 161  , 

2.27  p.  m.  to  6.00  p.  m \  213 

Subpertod  3 —  / 

6.00  p.  m.  to  7.46  p.  m 106  ! 

7.46  p.m.  to  9.20  p.  m •  94 

9.20  p.  m.  to  10.24^  p.  m 64 

10.24  p.m.  to  11.58  p.  m 94  , 

11.58 p.  m.  to  12.25 a.m 27  | 

12.25a.m.  to 2.09 a.m t  104  I 

2.09  a.  m.  to  3.04  a.  m 55  ' 

3.04  a.  m.  to  4.59  a.  m 115 

4.59  a.  m.  to  6.00  a.  m 61 

Subpertod  4—  ! 

6.00  a.  m.  to  9.30  a.  m 210 

9.30  a.m.  to  11.36  a.  m 126 

11.36  a.m.  to  1.37  p.  m 121 

1.37  p.  m.  to  3.56  p.  m 139 

3.56  p.  m.  to  6.00  a.  m. . .  ^ 124 

Period  16:  I 

Subpertod  1—  I 

6.00  p.  m.  to  6.00  a.  m 720  , 

Subpertod  2— 

6.00  a.  m.  to  6.00  p.  m 720 

Subpertod  Z— 

6.00  p.  m.  to  6.00  a.  m 720 

Subpertod  4— 

6.00  a.  m.  to  6.00  p.  m 720  ! 


tumdtaig! 


Standing. 
SiSotng! 
Standing. 

If- 

Standing. 

Lying 

Standing. 

Lving 

Standing. 

Standing. 

Standing. 
Stanaing! 
Standing. 


Standing. 
Lying. 
Itimdli 


Standing. 

Standing. 

Lying 

Standing. 


tanding. 


8tan4 
Standing. 

sT 

Lying. 
Standing. 


Standing. 

Lying 

Standing. 

Lying 

Standing. 

Standing. 

land 
Lying.. 
StandlD 


Ung. 


Standing 

Lying. 

Standi] 


ng. 


Stanaing. 

Lying 

Stanaing. 

Lying 

Stanaing. 

Standing. 

Lying 

Standing. 

Lying 

Stanaing. 


Standing. 
Standing. 
Standing. 
Standing. 


Total  heaf./i5^*„2,' 


Cahriet. 

2,228.63 

639.07 

1,628.23 

1,339.16 

471.06 

2,200.67 

688.64 

26.50 

1,967.36 

581.58 

1,154.69 

<488.83 


3,347.84 
643.67 
430.50 

1,440.50 
797.73 
KS6.32 
413.74  < 
712.75 

1,199.00 
521.  OR 

1,448.«( 
6H9.35 
636.38  , 

868.59  , 
632.67 

1,054.01  ' 
4TB.  26 

1,201.34 


1,079.26 
100.04 

2,005.17  . 
541.65 
400.02 

039.75 
346.29 
649.32 
680.80 
1,354.92 

663.16 
427.21 
447.00 
426.67 
192.46 
489.88 
432.65 
563.52 
387.83 

1,295.38 
522. 45 
757.97 

814.90 


5,092.23  , 


Calorie: 
6.2079 
4.7001 
7.1728 


4.0961 
5.7760 

6.1560 
5.3000 

6.4080 
4.4737 
6.7133 

6.2344 


6.4880 
4.43M) 
7.279li 

6.5185 
4.3120 
7. 13(» 
4.01ii9 
7.K't» 

6.8519 
4.M.99 
7. 1.V.2 
4.»i.'i77 
7.3135 

6.5H02 
4.:W35 
6.ftKC 
4.  (KiMli 
«.7tiO» 


6.0975 
4. 12(Mi 
6.3240 
4.3332 
6.5971 

6.2235 
3.4978 
6.7637 
4.2285 
6.3611 

6.2562 
4. 5448 
6.9K43. 
4.  r>3<}0 
7. 1281 
4.7103 
7. '663 
4.  r(K)l 
6.  :v>78 

6.  IflK') 
4.1464 
6. 2ft42 
4.  (WJ() 
6.  .'>72<) 


7. 0725 


5,141.56 
4,852.85 


7. 1411 
6.7401 
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Table  n.-r-Heat  emiuiony  standing  and  l^ng — Continued. 


Period  and  subperiod. 


Peilod  116: 

Sabperiod  1— 

6.00 p.  m.  to  IJSl  a.  m. . 
1.51  a.  m.  to  1.56  a.  m. . . 
1.56  a.  m.  to  3.29  a.  m. . . 
3.29  a.  m.  to  5.46  a.  m. . . 

5.46  a.  m.  to  6.00  a.  m. . . 
Sabperiod  2— 

6.00  a.  m.  to  1.14  p.  m. . , 
1.14  p.  m.  to  3.26  p.  m. . 
3.26  p.  m.  to  6.00  p.  m. . 
Subperiod  3— 

6.00  p.  m.  to  7.59  p.  m. . 
7.59i).  m.  to  10.38 p.  m. . 
10.38  p.  m.  to  11.4f  p.  m. 
11.42  p.  m.  to  L5]  a.  m. . 
1.51  a.  m.  to  5.17  a.  m. . . 

5.17  a.  m.  to  6.00  a.  m. . . 
Subperiod  4— 

6.00  a.  m.  to  8.50  a.  m. . . 
8.59  a.  m.  to  10.26  a.  m.. 
10.2(^a.  m.  to  1.24  p.  m. . 

1.24  p.  zn.  to  2.20  p.  m. . . 
2.W  p.  m.  to  6.00  p.  m. . . 

Period  III6: 
Subperiod  1— 

6.00  p.  m  to  10.27  p.  m. . 

10.27  p.  m.  to  12.21  a.  m. 
12.21  a.  m.  to  2.05  a.  m. . 
2.05  a.  m.  to  3.31  a.  m. . . 
3.31  a.  m.  to  6.00  a.m. . . 

Subperiod  2— 

6.00  a.  m.  to  10.33  a.  m. . 

10.33  a.  m.  to  12.33  p.  m  . 

12.33  p.  in.  to  1.54  p.  m. . 

1.54  p.  m.  to  2.44  p.  m. . . 

2.44  p.  m.  to  6.00  p.  in. . . 
Subperiod  3— 

6.00  p.  m.  to  8.07  p.  m. . . 

8.07  p.  m.  to  9.30  p.  m. . . 

9.30 p.  m.  to  1.25a.  in... 

1.25  a.  m.  to  2.58  a.  m. . . 
2.58  a.  m.  to  3.47  a.  m. . . 

3.47  a.  m.  to  5.44  a.  m. . . 

5.44  a.  m.  to  6.00  a.  m. . . 
Subperiod  4— 

6.00  a.  m.  to  9.18  a.  m. . . 

9.18  a.  m.  to  11.28  a.  m.. 

11.28  a.  m.  to  1.43  p.  m.. 
1.43  p.  m.  to  1.45  p.  m. . . 

1.45  p.  m.  to  6.00  p.  m. . . 


Time. 


Minute9, 
471 
5 
93 
137 
14 

434 
132 
154 

119 
150 
64 
129 
206 

43 

179 
87 

178 
56 

220 


267 

114 
104 
86 
149 

273 
120 
81 
50 
196 

127 
83 

235 
93 
49 

117 
16 

198 
130 
135 
2 
255 


Position. 


Standing, 
lumding. 


Silwaing. 

Standing. 

Lying 

Standing. 

Standing. 


Standing  and 

lying.a 
Standing 


Total  heat. 


Calorie9. 
3,271.84 
32.56 
665.06 
600.83 
115.70 

2,648.94 

581.85 

1,093.56 

78&46 
861.70 
485.74 
739.81 
1,192.22 

333.94 


SUnding I  1,231.48 

Lying 454.  a5 

Standing 1,202.65 

Lying 260.11 

Standi!  


ling I,fi9a73 


Standing. 

Lying 

Standing. 

Siandliig.' 

Standing . 

Standing. 

Lying 

Standin 


ling. 

Standing. 

Lying 

Stand 

Stand 


Lying. 
Standi] 


ing. 


Standing 

Lying... 

Standing 

Lying. 

Standi 


ng. 


1,815.36 
574.49 
751. 12 
457.29 

1,045.  a5 

1,587.45 
55L84 
497.03 
215.09 

1,302.02 

792.55 
394.36 
1,612.37 
483.30 
312.72 
608.25 
139.12 

1,286.64 

574.65 

927.79 

2.38 

1,674.18 


Heat  per 
minute. 


Calariett. 


0.5120 
7. 1514 
5.0425 
8.2642 

6.1035 
.4.4075 
7. 1010 

6.6257 
5.4195 
7.5696 
5.7349 
(«) 

7.7660 

6.8797 
5.2189 
6.7564 
4.6448 
7.2305 


6.^991 
5.0394 
7.2223 
5.3173 
7.0137 

5.8148 
4.5986 
6.1361 
4.3198 
6.6428 

6.2405 
4.7513 
6.8611 
5.1967 
6.3820 
5.1987 
&6950 

6.4961 
4.4203 
6.8725 
1.1900 
6.5654 


o  The  animal  lay  down  so  quietly  that  it  was  not  noticed  at  the  time, 
made  between  1.51  and  5.17  for  standing  and  lying. 


Therefore  no  division  was 


From  the  foregoing  table  have  been  computed  the  following  results 
for  the  total  heat  emitted  during  the  several  periods  in  the  lying  and 
the  standing  positions,  respectively,  together  with  the  average  heat 
emission  per  minute.  In  making  these  computations  the  artificial 
division  into  subperiods  has  been  disregarded. 
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Ptoriodla: 

MizmtM... 

Totelbeat '. *.*!*'.'.  ■.'.*.".'.'.*.*.'.* '*'..!*.**.*!  .'.'ciioitoi! 

Heat  per  minute do... 

Ratio 

PiBZfodlla: 


Total  beat ealoitee. 

Heat  per  minute do... 

Ratio 

Peifodnia: 

Minotea 

Total  heat oaloriea. 

Heat  per  minute do... 

Ratio 

Period  lb  (aubperioda  1, 3,  and  4) : 

MJnot^ 

Total  heat .*.".'. '....'.  .'.'/.■.■.'/.''.".*/.'.'.'.■.*. '.■'.".*■..■.".".*.*.".*.". '.'.ca'loriei! '. 

Heat  per  minute do. . . 

Period  Il5  (subperfods  1  and  2  only): 

Minutes 

Total  heat calories. 

Heat  per  minute do. . . 

Ratio 

Period  1 116: 

Minutes 

Total  heat calories . 

Heat  per  minute , do. . . 

Ratio 


Lying.     '  Standing. 


384 

1,71&3 
4.4747 

i 


i,m.5 

4.4727 

1 

1,0M 

4,71918        > 
4.a064 

1 


274 
1,906.2 
4.7A36 

1 

•m 

3,882.5 
4.8585 


2,406 
16,66a  0 
6.2700 
1.4013 

1.M6 
13,386.8 
6.8273 
1.6364 

1,784 
11,428.7 
6.4063 
1.4876 

2,160 
15,086.64 
6.9846 

1,166 

7,802.2 
6.6014 
1.4047 

3,085 
13,743.4 
6.5015 
1.3566 


The  differences  in  rate  of  heat  emission,  although  slightly  smaller,  are 
still  quite  comparable  with  those  observed  in  the  previous  year  with 
the  same  animal  (Bui.  74,  p.  24),  while  both  are  larger  than  those 
observed  in  the  first  year's  experiments  (Bui.  61,  p.  37).  In  the 
results  of  the  last  two  years  there  appears  a  distinct  effect  of  the 
amoimt  of  feed  consumed,  the  difference  in  the  heat  emission 
standing  and  lying  tending  to  be  greater  on  the  heavier  rations.  In 
this  year's  experiments,  too,  the  difference  seems  to  be  less  in  the  trials 
at  the  lower  temperature,  although  the  results  for  periods  lb  and  lift, 
as  noted^  are  somewhat  incomplete.  While  we  should  naturally 
ascribe  these  differences  in  heat  emission  chiefly  to  the  increased 
muscular  exertion  required  in  standing,  it  would  seem  that  there  are 
other  factors  affecting  it. 


HBAT  EMISSION   AND   HEAT  PRODUCTION. 


The  figures  of  the  preceding  tables  show  the  amounts  of  heat  given 
off  by  the  animal.  The  heat  emitted  by  the  animal,  however,  is 
equal  to  the  amount  of  heat  actually  produced  only  when  the  initial 
and  final  states  of  the  animal  are  the  same.  Consequently  there 
may  be,  according  to  circumstances,  either  a  storage  of  heat  in  the 
body  or  an  emission  of  heat  produced  in  a  previous  period.  In  this 
respect  there  are  two  principal  sources  of  error — first,  variations  in 
the  body  temperature  of  the  animal ;  second,  a  storage  or  loss  of  mat- 
ter by  the  body.  As  regards  the  first  of  these  sources  of  error,  it  has 
been  assumed  that  under  normal  and  uniform  conditions  the  body 
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temperature  would  be  substantially  the  same  at  the  same  hour  of  the 
day.  We  have  not  been  able  as  yet  to  make  systematic  determina* 
tions  of  the  body  temperature  of  cattle  as  a  check  upon  this  assump- 
lion,  but  the  rectal  temperature  of  the  animal  was  taken  daily  during 
the  digestion  periods  proper  of  Periods  I  and  H,  except  when  the 
steer  was  in  the  calorimeter,  and  also  during  the  preliminary  feeding 
of  Periods  .11  and  III  and  on  one  day  during  the  digestion  period 
proper  of  Period  III.  The  observations  were  made  immediately 
before  watering,  by  means  of  a  self-registering  mercurial  thermome- 
ter, with  the  following  results: 

Tablb  19. — Temperature  of  the  animal. 


Period  I. 

Period  II. 

Period  III. 

Date. 

T«5PJ«-                 Date. 

Tempera-, 
ture. 

Date. 

Tempera- 

January  16 , . 

38.3 

February  3 

38.3 
38.2 
38.2 
38.2 
38.3 
38.2 
38.1 
38.1 
38.2, 

38.1  ! 

38.2  , 
38.1 
38.3 

February  28 

38.3 

16 

38.1 
38.1 
38.2 
37.9 
38.0 

29 

3&3 

17 

5 

Marah  1 

38.3 

18 

6.. 

2.:         .      .  . 

3&4 

19 

7 

3 

38.3 

22 

8 

4 

3&3 

9 

5 

38.2 

Av»Tag« 

38.1 

12.   .. 

6 

38.3 

13 

7 

38.3 

14 

li:;  ::::::.: 

saa 

15 

Average 

t 

16 

38.3 

19 

Average 

3^2, 

In  but  two  cases  does  the  difference  between  two  successive  days 
exceed  0.1°  C.  With  an  average  Uve  weight  of  about  580  kilograma, 
assuming  a  specific  heat  of  0.8  for  the  body,  thi^  difference  is  equiva^- 
lent  to  46  calories. 

If  the  animal  stores  up  matter  in  its  body,  there  must  necessarily 
be  a  corresponding  retention  of  a  portion  of  the  heat  arising  from 
body  metabolism,  since  the  matter  which  is  stored  was  consumed  in 
the  food  at  a  temperature  considerably  below  that  of  the  body.  On 
the  other  hand,  if  there  is  a  loss  of  matter  from  the  body  in  any  one 
of  the  various  excreta,  the  temperature  of  this  matter  is  reduced 
(either  actually  or  by  calculation)  to  that  of  the  surrounding  air 
before  it  leaves  the  calorimeter,  and  this  heat  which  was  previously 
stored  up  in  the  body  is  measured  along  with  that  actually  product 
during  the  experiment.  The  above  statements  are  of  course  true 
whatever  be  the  kind  of  matter  stored  up  or  given  off;  but  the 
income  and  outgo  of  water  is  of  especial  importance  in  this  respect, 
both  because  of  its  large  amount  and  because  of  the  high  specific 
heat  of  water.  Indeed,  a  very  simple  calculation  serves  to  show  that 
in  these  experiments  the  difference  in  the  income  and  outgo  of  dry 
matter  does  not  materially  affect  the  computation  of  the  balance  of 
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energy,  and  that  consequently  only  the  income  and  outgo  of  water 
need  be  considered. 

From  the  data  contained  in  the  various  tables  of  the  Appendix  are 
compiled  the  following  tables,  showing  the  income  and  outgo  of 
water  by  the  animal  and  the  corresponding  gain  or  loss  of  heat  on 
each  day  of  the  calorimeter  experiments.  The  body  temperature  has 
been  assumed  to  be  represented  by  the  average  for  the  period  (Table 
19),  while  that  of  the  calorimeter  was  19.0^  C.  and  13.5^C.  in  the  series 
a  and  6,  respectively,  except  in  Period  1116,  when  it  was  13.8®  C.  In 
the  case  of  feces  spilled  in  the  calorimeter  the  water  remaining  in 
them  when  sampled  has  been  divided  equally  between  the  two  days. 

Tablb  20. — Approximate  water  balance. 
PERIOD  I. 


Income. 

Outgo. 

Income. 

Outgo. 

Period  la: 

January  13— 

nay 

Orami. 

273 

11,330 

Orami. 

Period  lb: 

January  21^ 

Hay 

1 
3,664  1 

Orawu. 

Water 

Water 

Feces 

2,906 

Feces 

4,936 

Feces  splUed 

'     4 

TJriw 

TJrIn*.'   .           ..      , 

3,960 

Water  vapor 

Water  vapor 

3,688 

BalaxiM 

Balance 

January  21— 

Hay 

7.384  < 

11,602 

11,602 

11,  m . 

U,1T7 

January  14— 

Hay 

Water      .             ... 

296 
760 

11,896  1 

••••i.nj- 

2,9S4 
3,812 

Water 

Feces 

Feces 

6,102 

Feces  spilled         .  ...' 

Feces  splUed 

4 

Urine..    [ 

Uiine... 

3,883 

Water  vapor ' -  - 

Water  vapor 

2,876 

Balance 

10,406 

Balaooe 

i;ooo 

11,561 

11,661 

12,106 

12.166 

PERIOD  II. 


Period  He- 

February  10— 

Hay                

536 

Period  116: 

February  17- 

Hay 

449 

Water 

11,0S3 

*" 

Water 

25.670 

Feces              

0.856 

54 

5,209 

7,668 

Feces  n^Ded 

14 

5,342 
3,.^34 
0.871 

Urine            

Urine 

Water  vapor 

Water  vapor 

4,666 

Balance 

7,297 

BMarr^ 

February  18— 

Hay; 

19,785  I      19,786 

26,119 

26,119 

February  11— 

Hav 

i 
567 
17,470 

504 

Water     ::::::::::: 

Water '      14,460 

Feces ' 

Feces 

8,666 
54 

6,921 

Feces  qdlled 

Feces  spUled 

'  14 

Urine , .  .<b  r .  . 

5,564 
4,736 

Urine... ' 

6.071 

Water  vapor 



Water  vapor 

3,560 

Bf^lf^nO^ 

1,003 

Balance 

602 

19,070 

19,070 

16,566 

16,566 

12237— Bull.  101—07- 
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Table  20. — Approximate  water  balance — Continued. 
PERIOD  III. 


Period  Ilia: 
MftPDh9- 

Hay 

Water 

Uneaten  residue. 

Feces 

Fooes  spilled 

Urine 

Water  vapor 

Balance 


Income.  |  Outgo. 


Orams. 
458 

5,205 


OronM. 


9,416 


15,079 


99 

5,762 

7 

4,578 

4,633 


15,079 


Haroh  10—  i 

Hay I  451 

Water |      16,020' 

Uneaten  residue 

Feces I 

Feces  spilled 

Urine I 

Water  vapor 

Balance 


53 
5,100 

4,503 
4,551 
2,267 


10,471         16,471 


Period  Illb: 
March  1<V>- 

Hay 

Water 

Feces 

Feces  spilled.. 

Urine 

Water  vapor. 
Balance 


Income.    Out^o. 


Orams, 

412 

18,100 


18,512 


March  17— 

Hay 

Water 

Feces 

Feces  spilled. . 

Urine 

Water  vapor. 
Balance 


387 
11,200 


2,289 


13,876 


Oram^. 


6,611 
4 
4,461 
3,370 
4,OR7 


18,512 


5,779 

4,548 
3,545 


13,876 


Upon  the  basis  of  the  above  figures  the  actual  heat  production  has 
been  computed,  as  shown  in  the  following  table,  the  difference  be- 
tween the  income  and  outgo  of  water,  expressed  in  kilograms,  being 
multiplied  by  the  difference  between  the  average  body  temperature 
for  the  period  and  the  temperature  of  the  calorimeter  to  obtain  the 
correction.  With  the  exception  of  Period  Ila,  the  results  for  the 
two  days  of  each  period  where  such  a  com'parison  is  possible  show  a 
very  close  agreement  in  the  amount  of  heat  actually  produced. 

Table  21. — Heat  production. 


Period. 

Measured 
in  calorim- 
eter. 

Correction 
for  water 
balance. 

Heat  pro- 
duced. 

Period  la; 

First  day 

CaUmet. 
10,881.7 
11,127.9 

CmrUt, 
+  12.7 
-200.6 

Caloriea. 
10,894.4 

Second  day 

10,927.4 

Average 

11,0048 

-  93.9 

10,9ia9 

Period  16: 

First  day 

Second  oay 

11,096.9 

+  39.4 

11,736.3 

Period  IIo,- 

First  day 

11,40S.2 
11,623.0 

-140l1 
-  19.3 

11,265.1 
11,604.6 

Second  day 

Average 

11,514  5 

-  79.7 

11.434.0 

Period  116; 

First  day 

11,073.8 

+243.8 

11,317.6 

Second  day 

' 

Period  Illfl: 

First  day 

10,909.9 
10,675.4 

-181.7 
+  43.6 

10,728.2 
10,719.0 

SAnoT^d  day, ...... 

Average 

10,792.7 

-  69.1 

10,723.6 

Period  III6: 

Firstday 

10,798.2 
10,906.8 

+  99.4 
-  56.1 

10,897.6 
10, 86a  7 

Second  day. 

A'v«nffB 

10,863.5 

+  21.7 

10,8742 
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Considering  the  figures  for  epidermal  tissues  in  Table  10  to  repre- 
sent  the  average  rate  of  growth  of  hair,  etc.,  we  may  subdivide  the 
gain  or  loss  as  ordinarily  computed  into  the  growth  of  these  tissues 
and  the  real  gain  or  loss  of  the  proteids  and  fat  of  the  body,  as  has 
been  done  in  the  computations  which  follow. 


TBB    NtTROOKN    AND   CARBON    BALANCB. 


The  income  and  outgo  of  nitrogen  and  carbon  are  shown  in  the 
following  table.  The  figures  for  hydrogen  are  omitted  for  the  reason 
that,  as  stated  on  page  15,  the  results  for  water  were  not  found  to 
be  entirely  satisfactory.  In  Period  lift,  as  noted  on  page  19,  the 
results  on  methane  were  apparently  too  low,  and  therefore  those  of 
Period  Ila,  on  the  same  ration,  have  been  substituted. 

Tablb  22. — Income  and  outgo  of  nitrogen  and  carbon  per  day  and  head. 


Period. 

Nitn 
Income. 

Oramt. 

Qgen. 
Outgo. 

Oramt. 

CtLT 

Income. 

Oramt. 
1,363L70 

bon. 
Outgo. 

Period  la: 

Hay....                   

Oramt. 

Feces 

.    2&85 
5a75 

aw 

54aw 

Urine 

112.  15 

Bnuhlngii 



aoQ 

Mrthi^nT 

. 

5a  08 

Carbondloxid 1..- !- 1 -- 

1.079.03 

n«lftni^ 

12L08 

429.13 

77.20 

77.20 

1,79183 

1.792.  83 

Period  16: 

Hay 

as.  12 

1,36a  70 

Feces 

Ml  75 
0.60 

546.98 

Urine..                  

111.61 

Rn"rfriiur»                ...                 .              ,     , 

a69 

IfRthftlvF 

.           ... 

4&74 

Carbon  dioxid 

1.092.38 

BaUncp , . . .          » . . 

J2.08 

439.70 

77.20 

77.20 

l,80a40{     1,803.40 

Period  Ila: 

Hay 

112L06 

2.323L71 

Fei.:::  :     :: 

43.45 
60.05 
a60 

931. 83 

Urine 

168.76 

BnuhfnM.       

ae9 

MethS». ..:::::::: 



6a  48 

Carbon  dioxid - 

1, 259.  75 

'Ralanoft 

L04 

10&80 

iiaio 

113.10 

2.432L51  {     2.432.51 

Period  lib: 

Hay 

112.06 

2,323.71 

Feaw::    :::::::::: :     :::..:.:....:.: 

«.45 
69.05 
0.60 

931.83 

168.76 

a69 

68.48 

1,239.30 

Urine 

Bnuliliun 

KethaSS^":::::::::::::::. :::::;::::::::::::::::: : 

Carbondioxid 

FaiAnce . 

1.04 

8&35 

iiao2 

liaQ2 

2,412.06       2,412.06 
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Table  22. — Income  and  outgo  of  nitrogen  and  carbon  per  day  and  head — Continued. 


Period. 

Nltrasen. 

CarbcMo. 

Income. 

Outgo. 

Income. 

Outgo. 

POTlod  Ilia: 

Hay 

Omiiw. 
9L47 

Grams. 

Orams. 
1.91L04 

Oram*. 

Feces 

36144 
60  65 

aeo 

78a  05 

Urine 

141.80 

3.69 

57.27 

1.15a  38 

Bnishings r ,.,,,,,,,,_ ,,,..,..-. 

Methane'. 

Carbon  dlozid 

Balance      .... 

&12 

222.15 

97.59 

97.59 

2.13119  1    2.13a  19 

Period  Illb: 

Hay 

91.47 

1,91L04 

Feces 

3&44 
6a  55 

aoo 

78a  05 

Urine 

141.80 

Bnishlngs .  - , - -  - 

3.69 

Methane       

flass 

Carbon  dioxid 



1,135.09 

Balancf^ ,.,,,,,-.-,,,---,.,., 

6l12 

2ia44 

.  . 

97.50 

97.50 

2,12L48j    2,121.48 

GAIN   OF  PROTEIN   AND  FAT. 


Excluding  the  brushings,  the  gain  of  protein  and  fat,  which  was  of 
course  negative  in  every  instance,  has  been  computed  in  the  usual 
manner,  using  K6hler's<»  figures  for  the  composition  of  the  nitrogenous 
tissue  of  cattle,  namely,  nitrogen  16.67  per  cent  and  carbon  52.54 
per  cent.  In  other  words,  body  protein  is  equivalent  to  nitrogen 
multiplied  by  6.  In  the  computation  of  fat  from  carbon  the  usual 
factor  (1.3)  has  been  employed. 

Table  23. — Gain  of  protein  arid  fat  per  day  and  head. 


Gain  of 
nitro- 
gen. 

:  Orams. 
.    -12.08 
.    -12.06 
.    -  1.04 
.,  -  1.04 
.    -  6.12 
.    -  6. 12 

Equiva- 
lent pro- 
tein 
(NX6). 

Ga 

in  of  carb< 

9n. 
As  fat. 

Orams. 
-391.05 
-401.62 
-105.52 
-  85.07 
-202.86 
-191.15 

Equiva- 
lent gain 
of  fat. 

Orams. 
-508.4 
-522.2 
-137.2 
-110.6 
-263.7 
-248.5 

Computed  energ}'  of  gain. 

Period. 

Total. 

As  pro- 
tein. 

Protein. 

Fat. 

Calories. 
-4,829.8 
-4,960.9 
-1,308.4 
-1,050.7 
-2.505.2 
-2,360,8 

Total. 

la. 

16 

Ila 

116 

Ilia 

ni6 

Orams. 
-72.48 
-72.48 

-  6.24 

-  6.24 
-36.72  ; 
-36.72  . 

f 

Orams. 
-429.13 
-439.70 
-108.80 
-  88.35 
-222.15 
-210.44 

Orams. 
-38.08 
-38.08 

-  3.28 

-  3.28 
-19.29 
-19.29 

Caiories. 
-413.2 
-413.2 

-  35.6 

-  35.6 
-209.3 
-209.3 

Qilories. 
-5,243.0 
-5.374.1 
-1,339.0 
-1.086.3 
-2,714.5 
-2,57a  1 

THE    BALANCE   OF   ENERGY. 

In  these  experiments  we  have  direct  determinations  of  all  the 
factors  of  income  and  outgo  of  energy,  except  the  potential  energy 
of  the  methane  excreted  and  that  of  the  tissue  gained  by  the  animal. 
•The  energy  of  the  methane,  however,  may  be  safely  computed  from 
its  amount,  its  heat  of  combustion  at  constant  pressure  being  13.344 
calories  per  gram.     The  energy  of  the  gain  of  tissue  by  the  animal 

aZeit.  f.  Physiol.  Chem.,  31,  479. 
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may  be  estimated  in  the  usual  way  from  the  computed  amounts  of 
protein  and  fat  given  above,  using  the  factors  5.7  calories  and  9.5 
calories  per  gram,  respectively.  Having  done  this,  we  are  in  position 
to  cotnpare  the  income  with  the  outgo  of  energy,  and  thus  to  check 
to  a  considerable  extent  the  accuracy  of  our  experiments.  The  fol- 
lowing table  contains  such  a  comparison  for  each  period.  The  differ- 
ence between  income  and  outgo,  which  has  been  entered  in  the  table 
under  the  heading  ''Error,"  shows,  of  course,  the  extent  to  which  our 
results  appear  to  deviate  from  those  required  by  the  law  of  the  con- 
servation of  energy. 

Tablb  24. — Balance  of  energy  per  day  and  head. 


Period  I. 

Peri< 
Income. 

)dll. 

Outgo.     , 

Oatarie*. 

Peria 
Income.    , 

Calories.  \ 
18,535.1 

nil. 

Income. 

Calories, 
13,170.7 

Outgo. 
Oaiories. 

Outgo. 

SeTlesa.atl9»C.: 

Hay 

Calories. 

22,557.7 

Calories. 

¥wf^.   X 

5,408.3 

1,046.4 

41.3 

908.9 

10,910.9 

9,132.0 
1,522.3 
41.3 
1,221.0 
11,484.9 

7,666.1 

TTilnfl.                                 .          '        

1,247.2 
41.3 

Rni-ihinffH -I  

M«t)>#n<r                                     1 

1,021.0 
10,723.6 

Heat ■■    

300.3 
2,505.2 

Loss  by  body— 
ProteidB.. 

413.2 
4,829.8 

35.6 
1,303.4 

Fat 



Error 

102.9 

545.2 

550.4 

18.413.7 

18,413.7 

23,  £96. 7 

23,896.7 

21,249.0 

21,249.6 

SeTfe8  6,atl3.£<>C.: 

H*y    

13,170.7 

22,567.7 

18,535.1  j 

FeSi::::::::: :::::::::: 

5,403.3 

1,046.4 

41.3 

868.9 

11,736.3 

9,132.0 

1,522.3 

41.3 

al,22I.O 

11,317.6 

1 

7,666.1 

1,247.2 

41.3 

Urine. 

Brushlnss 

Methane. 

1,084.8 
10,874.6 

Heat 

Lofls  by  body— 

Protetds 

413.2 

4,900.9 

551.4 

35.6 
1,050.7 

209.3 
2,560.8 

Fat 

Error 

400.8 

191.2 

19,096.2 

19,096.2 

28,644.0 

23,644.0  , 

21,105.2 

21,105.2 

a  Assumed  to  be  the  same  as  In  Period  I  la.    Seep.  19. 

With  the  exception  of  Periods  la  and  III6,  the  agreement  between 
the  results  computed  from  the  energy  balance  and  those  computed 
from  the  balance  of  carbon  and  nitrogen  is  much  less  satisfactory' 
than  in  previous  years.  A  direct  comparison  of  the  gains  or  losses, 
however,  is  somewhat  misleading,  because  all  the  errors  of  the  experi- 
ments are  concentrated  in  a  single  relatively  small  number.  It 
seems  on  the  whole  fairer,  therefore,  to  compare  the  total  heat  pro- 
duction as  measured  with  that  computed  from  the  balance  of  carbon 
and  nitrogen,  as  has  been  done  in  the  following  table: 
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Tabus  25. — Heat  produetian  per  day  and  head. 


Period. 


la  .. 
16  .. 
Ua. 
lib  . 
Ilia 
Illb 


Computed.  Obterred. 


Oaioriet. 
11,012.9 
ll,lM-0 

ii.gsai 

11,727.4 
11,274.0 
11,06&.8 


Ollorfu. 
10,9ia9 
11,788.3 
11,484.9 
11,817.6 
10,723.6 
10,874.6 


Com- 
poted-i-ob- 


Peretnt. 
100.0 
96.3 
104.8 
103.6 
105.1 
101.8 


The  computed  heat  production  exceeds  more  or  leas  that  actually 
observed  in  every  instance  but  one.  This  is  practically  equivalent 
to  saying  either  that  the  results  for  the  carbon  excretion  are  too  high, 
or  those  for  heat  too  low,  or  else  that  some  nonnitrogenous  body  sub- 
stance other  than  fat  was  being  oxidized.  As  regards  the  first 
alternative  it  may  be  said  that  according  to  the  results  of  our  alcohol 
check  tests  in  each  year  the  tendency  of  the  apparatus  seems  to  be  in 
precisely  the  opposite  direction,  viz,  to  give  results  slightly  too  low 
for  carbon  dioxid  and  too  high  for  heat.  As  regards  the  natur^  of  the 
body  substances  oxidized,  it  is  of  course  possible  that  it  may  have 
consisted  in  part  of  stored-up  carbohydrates  (glycogen)  which  would 
evolve  more  CO,  in  proportion  to  the  energy  liberated  than  would  fat. 
It  is  hardly  possible,  however,  that  this  can  have  been  the  easel  to  the 
large  extent  required  to  account  for  the  observed  discrepancies. 

It  should  be  noted  further  that  the  results  in  Periods  lib  and  III& 
are  somewhat  uncertain,  owing  to  various  disturbances  during  the 
runs. 

DISOtXSSION  OF  BESTTIiTS. 
DIGESTIBILITY. 

The  results  tabulated  in  Table  III  of  the  Appendix  and  summarized 
also  under  the  several  periods  are  brought  together  in  the  following 

table: 

Table  26. — Percentage  digestibility. 


ConiitituontH  and  energy. 


Period  I. 


Dry  matter 

Ash 

Organic  matter 

Proteids 

Nonproteids 

Crude  fiber 

Nitrogen-free  extract . 

Ether  extract 

Eneigy 


Percent. 
61.41 
44.04 
62.70 
54.56 

oioaoo 

55.37 
68.05 
62.24 
58.97 


Period  II. 


PercenL 
61.99 
4a  92 
62.96 
54.08 
« 100. 00 
55.97 
67.90 
64.08 
59.51 


Period  III. 


Percent. 
6a  68 
a&83 
62.43 
53.48 

aioaoo 

5a  81 
68.51 
65.  e2 
58.64 


a  Assumed. 


The  slight  differences  between  the  several  periods  att<est  the  accu- 
racy of  this  part  of  the  experiment. 
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MBTABOUZABLK  KNSBGT. 

The  term  metabolizable  energy  has  been  used  by  the  writers  to 
designate  that  portion  of  the  total  energy  of  the  food  which  is  capable 
of  conversion  into  the  kinetic  form  in  the  body.  In  this  sense  it  is 
equivalent  to  energy  of  food  minus  energy  of  excreta  or  to  what  is 
often  called  "fuel  value." 

The  data  of  the  foregoing  pages  enable  us  to  compute  the  metab- 
olizable energy  of  the  rations  in  the  several  periods.  Before  doing 
so,  however,  a  certain  correction  is  necessary  in  the  energy  of  the 
urine.  For  example,  in  Period  I  the  animal  lost  12.08  grams  of  body 
nitrogen,  corresponding  to  a  loss  of  72.48  grams  of  protein.  Accord- 
ing to  Rubner's  results,  the  potential  energy  of  the  urine  is  increased 
by  about  7.45  calories  for  each  gram  of  urinary  nitrogen  coming 
from  the  oxidation  of  body  protein.  In  this  case,  then,  the  urine 
contained  approximately  12.08  X  7.45  »  90  calories  of  energy  not 
derived  from  the  potential  energy  of  the  food  but  from  that  of  body 
tissue.  It  is  plain,  then,  that  the  potential  energy  of  the  urine  must 
be  diminished  by  this  amoimt  before  it  is  subtracted  from  the  gross 
energy  of  the  food  in  order  to  get  the  true  metabolizable  energy  of  the 
latter.  The  corresponding  corrections  for  the  several  f>eriods,  com- 
puted in  this  way,  are  as  follows: 

Tablb  27. — Energy  of  unne. 


Period. 


II.. 
III. 


ObKffVOd. 

Gain  of 
nitrogen. 

Equiva- 
lent jnergy. 

Calorie: 
1,046.4 
1,522.3 
1,247.2 

Qrama. 
-12.08 

-  1.04 

-  a  12 

Cafofie«. 
-9a  0 

-  7.8 
-4fi.6 

Corrected 

energy  ot 

urine. 

Calories. 
95«.4 
1,514.  A 
1,201.6 


Using  these  .corrected  values  the  metabolizable  energy  of  the  clover 
hay  fed  is  computed  in  the  following  table: 

Tablk  28. — Metabolizable  energy  of  dover  hay. 


Period  I. 

Period  II. 

Period  III. 

Feed. 

Excreta. 

Feed. 

Excreta. 

Feed? 

Excreta. 

Hay 

Calories. 
13, 17a  7 

Calories. 

Calories. 
22,567.7 

Calories. 

CaJoHes. 
18,535.1 

Calories. 

?«»::::::     ::::: ::..:: 

5,403.3 
056.4 
888.9 

5,922.1 

9,132.0 

1,514.5 

a  1,221.0 

10. 090. 2 

7,606.1 
1,201.6 

rrtne  (corrected) 

Methane 

1,053.0 
8,614.4 

HeUboUcable 

13, 17a  7 

13,17a  7 

22,567.7  1  22,557.7  ,  18,535.1       18,535.1 

o  Period  I  la  only. 


The  relation  of  the  metabolizable  energy  to  the  amount  of  matter 
in  the  food  may  be  expressed  in  terms  of  calories  per  gram  of  the 
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total  or  of  the  digested  organic  matter.     Computed  in  this  way  the 
results  are  as  shown  in  the  following  table: 

Table  20. — MHabolitable  energy  per  gram  of  organic  maiUr. 


Porlod. 


I.. 
II. 
Ill 


OTganJc  matter  of  hay. 
Total.        Digested. 


Oramt. 
2,730.3 
4,66&0 
3,856.0 


Oram*. 
1,712.0 
2,939.0 
2,407.0 


Metabolizable  energy. 


Totol. 


aUorUs, 
6,922.1 
10.e9a2 
8,6114 


Per  gram 
of  total 
organic 

matter. 


Per  gram 
of  digest- 
ible oig&nio 
matter. 


OaJorie*. 
2.169 
2.290 
2.234 


CatorUs. 
3.4(10 
3.637 
3.578 


The  metaboUzable  energy  of  a  feeding  stuff  may  also  be  expressed 
as  a  percentage  of  the  total  or  gross  energy.  Such  a  percentage  is 
analogous  to  a  digestion  coefficient,  so  that  if  an  average  value  for  it 
were  established  for  any  particular  kind  of  feeding  stuff  the  amount 
of  metaboUzable  energy  in  a  given  amount  of  it  could  be  computed 
from  its  total  enei^  by  multiplication  by  this  coefficient,  just  as 
the  digestible  dry  matter  or  organic  matter  can  be  computed  from 
the  total  amount  present  by  the  use  of  a  digestion  coefficient.  The 
first  half  of  the  following  table  shows  the  percentage  of  the  total 
energy  which  escaped  in  the  several  excreta  or  which  was  metabolized 
in  the  animaFs  body,  while  the  second  half  of  the  table  shows  the 
same  relations  based  upon  the  energy  of  the  digested  matter. 

Table  30. — Distribulion  of  energy  of  clover  hay. 


Energy. 

OroBs  energy. 

Energy  of  digested  matter. 

Period  I. 

Period  II. 

Period  III. 

Average. 

Period  I. 

Period  II. 

Period  III. 

Average, 

In  feces 

Percent. 

4L08 
7.25 
6l75 

44.97 

Percent. 

4a  49 
6.72 
&41 

47.38 

Percent. 

41.31 
&48 
5.66 

46u48 

Pereefft. 

4a  96 
6.81 
5.95 

46u28 

Percent. 

Per  cent. 

Percent. 

Percent. 

In  urine 

In  methane.... 
MetaboUzable . 

12.30 
11.44 
76.26 

11.28 
9.09 
79.63 

11.05 
0.60 
79.26 

11.54 
laOT 
78.39 

loaoo 

loaoo 

loaoo 

100.00 

100.00 

100.00 

loaoo 

100.00 

INFLUENCE   OF  TEMPER.4TURE   OX    HEAT   PRODUCTION. 

As  stated  in  the  introduction,  one  of  the  purposes  of  the  experi- 
ment was  to  observe  the  effect  of  temperature  upon  the  total  metab- 
oUsm,  so  far  as  this  could  be  done  within  the  limited  range  of  the 
apparatus.  Two  series  of  respiration  experiments  were  made,  one 
at  19*^  C.  and  one  at  13.5^  C,  these  being  designated  as  series  a  and 
series  h,  respectively.  The  results  have  already  been  given  in  the 
description  of  the  experiment,  but  are  brought  together  here  for 
more  convenient  comparison. 
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Tablk  31. — Htat  production. 


Pralod. 


I... 
11.. 
III. 


Seriesa^atltt^C. 


SeriM  b,  at  I3.5<*  C. 


QlTen  off  GiTen  off 


by  radi- 
ation and 
oondtic- 
tlon. 


Calories. 
8,684.1 
8,731.0 
8,0748 


as  latent 
heat  of 
water 
vapor. 


CorPBO- 

tion  for 

water 

balance. 


Ottloriea. '  Calories. 
2,32a  7  -88.9 
2,782.9  -78.7 
2,718.3        -flQ.1 


Given  off  Given  off 


CorPBC- 


by  radl-  wiUtont  iZ'^. 

ToUl.    ationand    heat  of  ^}2?^J 

condoo-  I    water  bJJm*. 

tlon.        vapor.  "~»"»^- 


Caiori€S.[ 
10,91a  9 
11,434.9 
10,723.6 


Calories.]  Calories.  Calories. 
9,994.4  !  1,702.5  +39.4 
9,10a3|  1,973.5  +243.8 
8,803.0      2,049.5  .    +  21.7 

.  I  I 


ToUl. 


Calories, 
11,736.3 
11,317.6 
10,874.2 


In  Period  lb,  as  shown  in  Table  17,  the  animal  stood  constantly 
for  forty-eight  hours,  and  as  would  be  expected  the  heat  production 
appears  to  be  abnormally  high.  In  the  other  cases  the  difTerence  of 
5.5"*  C.  in  temperature  seems  to  have  made  but  a  slight  difTerence 
in  the  total  heat  production. 

But,  while  this  is  true  as  regards  the  total  amount  of  heat  produced, 
the  difference  in  temperature  made  a  striking  difTerence  in  the  chan- 
nel of  excretion  by  which  the  body  rid  itself  of  its  heat.  A  much 
less  proportion  of  it  was  removed  as  latent  heat  of  water  vapor  and 
correspondingly  more  by  radiation  and  conduction  at  the  lower 
temperature,  as  is  shown  clearly  in  the  following  table,  based  on  the 
figures  for  heat  production  just  given.  The  correction  for  the  water 
balance  is  taken  as  representing  heat  stored  temporarily  in  the  body. 

Table  32.— Percentage  distribution  of  heat  produced. 


Period. 


I.. 
U. 
Ill 


Series  a,  at  lO"  C. 


Serieii  b,  at  13.5«  C. 


Oivenoff  I  Oivenoff 
by  radi-    I  as  latent 
ation  and  I    heat  of 
conduo-         water 
tion.  vapor. 


Per  cent. 
79l59 
7ft.  3fi 
75.29 


Per  c«H. 
21.27 
24.34 
2&35 


Stored  in 
body. 


Per  cenl. 

-a  86 
-a  70 
-a  64 


Given  off 
by  radia- 
tion and 
conduc- 
tion. 

Per  cent. 
85.10 
80.41 
HO.  95 


Given  off 

as  latent 

heat  of 

water 

vapor. 


I  Stored  In 
I      hodv. 


Percent.  , 
14.51  ; 
17.  44  I 
18.85  , 


Per  cent. 
0.33 
2.15 
0.20 


The  relative  humidity  of  the  air  does  not  appear  in  this  case  to 
have  been  an  important  factor  in  bringing  about  ,the  marked  decrease 
in  the  evaporation  of  water  at  the  lower  temperature.  The  relative 
humidity  of  the  ingoing  and  of  the  outcoming  air,  and  also  the  aver- 
age relative  humidity  of  the  four  residual  samples  taken  at  the  end 
of  each  subperiod,  were  as  follows: 
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Table  Z^.— Relative  kumidUy 

Period. 

Ingoing 
air. 

Outcoming 
air. 

Reddoai 
samples. 

la 

Per  cent. 
2.3 
2.4 
2.2 
49 
47 
2.3 

Percent. 
28.2 
32.1 
30.6 
29.9 
33.8 
31.2 

Percent. 
27.2 

Ila 

29.7 

IIIo 

29.7 

16 

2&7 

116 

347 

1116 

32.3 

Apparently  the  difference  in  the  method  of  excretion  of  the  heat 
was  a  direct  effect  of  the  lower  temperature. 

NET   AVAILABLE   ENERGY. 

Both  our  own  observations  and  those  of  others,  notably  those  of 
Zuntz  and  his  associates,  have  shown  that  a  considerable  portion  of 
the  metabolizable  energy  of  the  food  may  be  consumed  in  those 
mechanical  and  chemical  processes  incident  to  the  digestion  of  the 
food  and  its  conversion  into  forms  fitted  to  nourish  the  body,  or 
may  otherwise  be  converted  into  the  form  of  heat,  and  so  not  be 
directly  available  to  make  good  the  losses  of  potential  energy  from 
the  body  caused  by  the  vital  processes.  The  portion  of  the  metab- 
oHzable  energy  remaining  after  subtracting  the  portion  thus  ex- 
pended represents  the  net  contribution  which  the  food  has  made  to 
the  maintenance  of  the  stock  of  potential  energy  in  the  body.  This 
portion  of  the  energy  of  the  food  is  designated  as  net  available  energy. 
In  other  words,  it  is  energy  available  for  maintenance. 

As  explained  in  previous  bulletins,  the  availability  of  the  energy 
of  a  feeding  stuff  is  determined  by  a  comparison  of  the  losses  of 
energy  by  the  animal  in  periods  in  which  different  amounts  of  the 
feed  in  question  are  consumed.  In  this  experiment  three  different 
amounts  of  clover  hay  were  fed  to  the  animal,  and  consequently  a 
comparison  of  the  three  periods  should  give  us  two  results  regarding 
availability  in  Series  a  and  two  in  Series  5. 

The  losses  of  protein  and  fat  by  the  animal  as  tabulated  on  preced- 
ing pages  do  not  take  account  of  the  amounts  of  matter  and  energy 
contained  in  the  brushings,  which  are  tabulated  separately.  It  is 
clear,  however,  that  these  ought  to  be  included  in  a  computation  of 
availability,  since  a  portion  of  the  energy  of  the  food  was  expended 
in  their  production.  Furthermore,  since  the  metabolizable  energy 
of  the  food  has  been  corrected  in  Table  27,  for  the  gain  or  loss  of 
nitrogen  by  the  animal,  the  figures  for  the  gain  or  loss  of  engery 
should  be  similarily  corrected  by  adding  to  the  gain  (i.  e.,  subtracting 
from  the  loss)  7.45  calories  for  eacn  gram  of  nitrogen  lost  by  the 
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animal.  Indicating  gain  or  loss  by  the  mathematical  signs  •+  and 
—  f  the  corrections  and  the  conected  gains  were  as  shown  in  the 
following  table : 

Table  34. — Corrected  gain*. 


Oainao- 
cordiDgto 
prevloua 

tables. 


Compated  from  balAnoe  of  nitrogen  and  carbon:  Calories. 

Periodla -5,243.0 

Peilodlla .%. -1,3».0 

Period  IIIo -2,7145 

Period  U I  -5,374.1 

Period  116 -1,088.3 

Period  III6 -2,57a  1 

Compoted  from  balance  of  energy: 

feriodia -5,l4D.l 

Perlodllo -    793.8 

Period  lllo -  2, 164 1 

Periodic -5,925.5 

Periodlld -    676.5 

Pprfodlllfr -2,378.9 


Correction  for— 

-     —   Corrected 
Broflh-     Qain  of        gain. 
Jngt.       protein,  i* 


Caioriet. 
+41.3 

+  41.3 
+41.3 
+41.3 
+41.3 
+41.3 


Calories. 
+90.0 
+  7.8 
+  4&6  ■ 
+90.0  I 
+  7.8 
+45.6  ' 


+  41.3 

+90.0  ■ 

+  41.3 

+  7.8 

+  41.3 

+4&6 

+41.3 

+90.0 

+41.3 

+  7.8 

+41.3 

+  4&6| 

CtilorU*. 
-5,111.7 
-1,289.0 
-2,627.6 
-5,242.8 
-1,037.2 
-2,463.2 

-5,008.8 

-  744.7 
-2,077.2 
-5,7942 

-  627.4 
-2,202.0 


As  already  noted,  there  was  no  marked  difference  between  Series 
a  and  Series  b  as  regards  heat  production  or  loss  except  in  Period 
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DiAOBAM  2.— Availability  of  energy. 

16.  In  this  period  for  some  reason  the  animal  refused  to  lie  down 
at  all.  It  is  presumably  in  consequence  of  this  fact  that  the  observed 
heat  production  was^  considerably  higher  than  in  the  corresponding 
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Period  la,  although  this  is  not  true  of  the  heat  production  as'com- 
puted  from  the  balance  of  nitrogen  and  carbon.  If  we  arbitrarily 
reject  Period  lb  as  having  been  under  abnormal  conditions  and  plat 
the  data  of  the  remaining  experiments  as  in  previous  bulletins,  we 
have  the  results  for  the  two  series  separately  and  for  their  average, 
which  are  shown  in  Diagram  2.  While  the  losaes  as  computed  from 
the  cafbon  and  nitrogen  balance  are  greater  than  those  deduced 
from  the  energy  balance,  the  average  results  of  Series  a  and  Series  h 
are  quite  closely  parallel.  , 

If,  on  the  other  hand,  again  omitting  the  results  for  energy  of 
Period  16,  we  average  for  each  series  separately  the  results  as  com- 
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X        Diagram  3.  —  Av«ragi^  results  of  carbon  and  nitrogen  and  energy  balances. 

puted  from  the  carbon  and  nitrogen  balance  and  those  computed 
from  the  energy,  we  have  the  results  shown  in  Diagram  3,  which 
again  expresses  the  fact,  already  pointed  out,  that  a  very  slight 
difference  was  shown  between  the  results  of  Series  a  and  those  of 
Series  6. 

As  previously  stated,  the  results  of  the  calorimeter  experiments 
Ub  and  116  were  not  as  satisfactory  as  the  others.  In  both  cases 
the  balance  of  energy  was  obtained  for  twenty-four  hours  only, 
owing  to  various  disarrangements  of  the  apparatus,  and  in  subperiod 
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4  of  Period  116  the  methane  determination  is  lacking.  On  the 
whole,  therefore,  we  incline  to  attach  considerably  more  value  to 
the  results  of  Series  a  than  to  those  of  Series  b. 


CORRECTIONS   FOR   STANDING   AND   LYING. 


The  average  number  of  hours  per  day  during  which  the  animal 
lay  down  in  the  several  periods  was,  as  shown  in  Tables  17  and  18: 


Period  la,  3  hours,  12  minutes. 
Period  Ila,  7  hours,  47  minutes. 
Period  Ilia,  9  hours,  8  minutes. 


Period  16, . 

Period  116,  2  houre,  17  piinutes. 
Period  1116,  6  hoius,  38  minutes. 


In  view  of  the  very  marked  influence  of  standing  as  compared 
with  lying  upon  the  metabolism  of  the  animal,  as  shown  in  all  our 
experiments,  it  is  evident  that  the  results  of  the  several  periods  are 
not  strictly  comparable.  Unfortunately,  the  data  available  for  com- 
puting a  correction  are  not  fully  sufficient,  because,  although  the 
variations  in  the  rate  at  which  heat  was  given  off  by  radiation  and 
conduction  are  shown  by  the  records  of  the  experiment,  as  sum- 
marized in  Tables  17  and  18,  the  apparatus  does  not  permit  similar 
determinations  of  the  rate  at  which  heat  was  carried  off  as  latent 
heat  of  water  vapor. 

The  best  approximation  which  is  available  appears  to  be  that 
outlined  in  Bulletin  51  of  this  Bureau,  page  38.  This  consists  in 
assuming,  on  the  one  hand,' that  the  rate  of  elimination  of  water 
vapor  varied  at  the  same  rate  as  that  of  the  radiation  of  heat, 
and,  on  the  other  hand,  that  it  was  unaffected  by  the  position 
of  the  animal.  It  would  seem  that  these  two  hypotheses  may  be 
fairly  regarded  as  representing  the  extremes  of  probable  variation, 
and  if,  as  appears  to  be  the  case,  the  results  when  corrected  on  these 
two  hypotheses  are  substantially  concordant,  we  shall  be  inclined  to 
regard  them  as  probably  correct. 

In  place  of  computing  the  metabolism  for  the  entire  twenty-four 
hours  either  standing  or  lying,  as  was  done  in  Bulletin  51,  we  liave 
preferred  in  this  case  to  compute  the  results,  on  the  two  hypotheses 
above  stated,  to  a  uniform  period  of  seven  hours  passed  lying  down. 
The  method  of  computation  may  be  illustrated  by  the  results  of 
Period  la.  In  this  period,  as  appears  from  Table  19,  the  average 
rate  at  which  heat  was  given  off  by  radiation  and  conduction  and 
brought  out  of  the  calorimeter  in  the  water  current  was: 

Standing,  6.2700  calories  per  minute. 
Lying,  4.4747  calories  per  minute. 


Digitized  by  VjOOQIC 


38  THE   AVAILABLE   ENEEGY   OF   RED   CLOVEB   HAY. 

If  the  animal  had  lain  down  for  seven  hours  out  of  the  twenty- 
four,  the  total  heat  given  off  through  these  channels  would  have 
been: 

Standing  17  hours,  6.2700  calories  X  1,020^:6,395.4  calories. 

Lying        7  houra,  4.4747  calories  X     420=1,879.4  calories. 

Total  24  houra 8,274.8  calories. 

The  heat  actually  carried  off  as  latent  heat  of  water  vapor  in  this 
period  was  2,320.7  calories,  and  constituted  21.09  per  cent  of  the 
total  heat  emission.  Upon  the  first  hypothesis,  then,  the  total 
heat  emission  would  have  been: 

-*^^'- =10,486.4  calories. 
0.7891 

Upon  the  second  hypothesis,  that  of  imchanged  elimination  of 
water  vapor,  the  total  heat  emission  would  have  been: 

8,274.8+2,320.7==  10,595.5  calories. 

To  find  the  actual  heat  production,  the  above  figures  must  be  cor- 
rected as  in  Table  21  for  the  results  of  the  water  balance,  the  cor- 
rection in  this  period  being  —93.9  calories.  Accordingly  the  heat 
production  computed  for  Period  la  on  the  assumption  that  the 
animal  lay  down  for  seven  hours  is: 

On  the  first  hypothesis,  10,392.5  calories. 
On  the  second  hypothesis,  10,501.6  calories. 

Identical  computations  for  the  other  periods  give  the  results 
stated  in  the  following  table.  In  the  case  of  Period  15  of  course  no 
data  are  available  for  such  a  computation. 

Table  35. — Computed  heat  production — Seven  hours  lying. 


Period.  ?vUX^rl''ond'ir 


la... 
IIo.. 
Ilia. 
116.. 
III6. 


CalorUt. 

CaiorUs. 

10,392.0 

10,  SOI. « 

11,580.9 

11,645.5 

11,083.2 

10,992.2 

10,983.6 

11,043.2 

10,820.7 

10,83&1 

The  corresponding  (negative)  gains  by  the  animal — computed,  of 
course,  from  the  energy  results,  since  we  have  no  corresponding  data 
for  the  carbon  and  nitrogen  balance — would  be  as  shown  in  the  fol- 
lowing table,  in  which  the  corrections  for  the  brushings  and  for  the 
gains  of  protein  have  been  included  in  the  same  manner  as  in 
Table  34: 
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IIo.. 
llla. 
116.. 
III6. 


Periotl. 


On  the  flrst 


On  the  aec- 


I  f n  ine  nrn ■     "  T  i, ' 


,  Calorie*. 

.  -4.-489.9 

.  —   »9a7 

.1  2.43&8 

.  -    288.4 

.  -2.244.1 


Calorie: 

-4.690.5 

865l3 

-2.34S.8 
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Diagram  4.    Average  results  from  energy  balanoes  computod  to  17  hours'  standing. 

The  averages  of  these  results  compared  with  the  amounts  of  met- 
abolizable  energy  supphed  in  the  feed  are  expressed  graphically  in 
Dif^ram  4  and  are  computed  numerically  in  the  following  table, 
which  includes  also  the  amounts  of  total  and  of  digested  organic 
matter  consumed  by  the  animal  in  each  period. 
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Table  37. — Availability  of  melabolizable  energy. 


Series  and  period. 

Organic  matter. 

Metabo- 
Uzable 
energy. 

eels.                   pothesls. 

Avera^. 

Total,  i  ^^■^' 

Gain. 

Availar 
blllty. 

Gain. 

Availar 
blllty. 

Gain. 

AvailA- 
blUtj'. 

Series  o: 

Perlodlll 

Period  I 

OrafM. 
3,856.0 
2,730.3 

Qramt. 
2,407.6 
1,712.0 

CcOorits. 
8,614.4 
5,922.1 

calories. 
-2,436.8 
-4,489.9 

Per  a. 

Calories. 
-2,345.8 
-4,599.5 

Pcrd. 

Calories, 
-2,391.3 
-4,544.7 

Per  ct. 


Difference... 

1,125.?!      695.6 

2,602.3  1    2.063.1 

7&26 

2,253.7 

83.71  1    2.153.4        79.99 

Period  II 

Period  III 

4,668.0     2,939.0 
3,856.0  1  2.407.6 

10,690.2 
8.614.4 

—    890.7 
-2,436.8 

-    866.3 

-2,345.8 

—  878.0 
-2,391.3 

!.."  — 

Difleronce... 

812.0        531.4  i    2.075.8 

1,546.1 

74.48       1,480.5 

71.32 

1.513.3 

72.90 

Series  6: 

Period  II 

Period  III 

4,668.0 
3,856.0 

2,939.0 
2,407.6 

10»090.2   —    293.4 
8,614.4   —2,244.1 

-*  353.0 

-2,252.5 

-    323.2 

-2,248.3 

:::::::: 

92.74 

Dlffeienoe... 

812.0 

531.4 

2,075.8 

1,960.7 

93.96       1,899.5      91.51  |    1,925.1 

It  must  be  admitted  that  the  results  as  they  stand  do  not  appear 
especially  satisfactory.  In  particular,  the  correction  to  a  uniform 
period  of  lying  has  the  effect  of  destroying  the  approximate  corre- 
spondence between  the  results  at  different  temperatures  which  was 
indicated  by  Diagrams  2  and  3.  The  corrected  results  show  appar- 
ently a  considerably  smaller  loss  by  the  animal  in  Period  116,  at  the 
lower  temperature,  than  in  Period  Ila.  This  result  seems  unUkely, 
and,  as  already  noted,  both  Periods  16  and  116  were  not  altogether 
satisfactory. 

Strictly  speaking,  the  results  should  be  corrected  also  for  differences 
in  the  weight  of  the  animal.  Our  apparatus  does  not  permit  taking  the 
weight  of  the  animal  during  the  respiration  period,  but  tjie  weight  is 
taken  immediately  before  entering  and  immediately  after  leaving 
the  calorimeter.  If  we  may  assume  that  the  average  of  the  last  two 
weights  before  the  respiration  x)«riod  and  the  first  two  succeeding 
it  represent  approximately  the  average  weight  of  the  animal  during 
the  trial,  we  have  the  following  as  the  live  weights  in  the  different 
periods: 

Live  weights  of  animal  during  respiration  periods. 


ivriod. 


I 


Sork'«  a.       S«Tk»8  b. 


Kilograms.  Kilograms. 

I '  671.1  I  553.7 

II .-we.?  !  576.0 

III 580. 1  565. 8 


It  must  be  remembered,  however,  that  these  variations  in  weight 
were  doubtless  due  to  a  considerable  extent  to  variations  iA  the 
amount  of  material  contained  in  the  digestive  tract  on  the  different 
pations.  We  can  hardly  suppose  that  the  actual  radiating  surface  of 
the  body  was  materially  different  in  the  different  periods,  although. 
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on  the  other  hand,  the  nietaboUsm  incident  to  the  maintenance  of  the 
standing  position  would  naturally  be  greater  the  greater  the  weight 
of  the  animal,  as  was  indeed  found  to  be  the  case.  Any  probable 
corrections  for  the  influence  of  the  Uve  weight,  however,  are  so  small 
as  to  be  insignificant  as  compared  with  other  sources  of  error  and  are 
therefore  not  taken  account  of  in  these  computations. 

HEAT  RBQUIREM£NT  OF  THE  ANIMAL. 

If  we  confine  our  attention  to  the  results  of  Series  a  as  being  on 
the  whole  decidedly  more  satisfactory  than  those  of  Series  5,  we  have 
apparently  a  greater  average  availability  between  Periods  I  and  III 
than  between  Periods  III  and  II.  A  similar  result  was  noted  in  Bul- 
letin 51  in  the  results  computed  for  the  lying  position.  This  differ- 
ence was  there  interpreted  (page  57)  as  indicating  an  indirect  utiliza- 
tion by  the  animal  of  the  heat  resulting  from  the  digestion  and 
assimilation  of  the  light  ration.  This  view  assumes  that  at  a  given 
temperature  a  certain  minimum  amount  of  heat  is  required  by  the 
animal  organism  to  maintain  its  temperature,  and  that  if  this  amount 
of  heat  is  not  produced  by  the  ordinary  activity  of  the  internal  organs 
and  the  muscles  it  will  be  supplied  by  a  direct  combustion  of  food  or 
tissue  for  the  purpose  of  heat  production.  In  the  case  observed  in 
Bulletin  51  it  was  believed  that  when  the  animal  was  lying  down  the 
necessary  production  of  heat  aside  from  that  resulting  from  the  inges- 
tion of  food  was  insufficient  to  supply  the  demands  of  the  animal. 
On  the  heavier  ration  a  part  only  of  the  heat  resulting  from  the  work 
of  digestion  and  assimilation  was  required,  in  addition  to  that  pro- 
duced by  the  internal  work,  to  supply  the  demand  for  heat.  As  the 
amount  of  food  was  decreased,  however,  a  point  was  reached  at  which 
all  the  heat  produced  by  digestion  and  assimilation  was  required  for 
this  purpose,  while  with  a  still  smaller  amount  of  food  a  portion  of  the 
animal  tissue  had  to  be  metaboUzed  to  supply  the  necessary  heat. 
At  or  below  this  point,  then,  the  entire  metabolizable  energy  of  the 
food  was  of  use  to  the  animal  and  the  apparent  availability  became 
100  per  cent,  represented  graphically  on  Diagram  III  of  Bulletin 
51  by  the  dotted  lines,  making  an  angle  of  45  degrees  with  the  coor- 
dinates. It  is  of  some  interest  to  apply  the  same  interpretation  to 
this  experiment  and  to  compare  the  results  obtained  with  those  found 
in  the  previous  experiment. 

In  the  experiments  of  1901-2  the  average  live  weight  of  the  animal 
in  Periods  A  and  B,  the  ones  to  be  compared,  was  401.8  kilograms. 
TTie  computed  heat  production,  lying,  in  Period  A  was : 

On  the  firet  hypothesis 7,  920  oalorioe. 

On  the  secoiKl  hypothesis 8, 250  (^alorics. 

Average : 8. 085  calories. 
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This  average  amount  we  may  regard  as  representing  the  minimum 
of  heat  required  by  the  animal. 

In  the  present  experiments  the  average  live  weight  for  Periods  !• 
and  III  was  574.3  kilograms.     The  heat  production  in  Period  la, 
computed  to  seven  hours  lying/ was,  as  previously  shown: 

On  the  first  hypothesis 10, 392  calories. 

On  the  second  hypothesis 10, 502  calories. 

Average 10, 447  calories. 

which  we  may  regard  as  being  the  minimum  required  for  the  older  and 
larger  animal. 

It  seems  to  be  fairly  well  established  that  the  requirement  of  the 
animal  body  for  heat  is  substantially  proportional  to  its  surface,  or, 
what  is  approximately  the  same  thing,  to  the  two-thirds  power  of  its 
volume  or  weight.  On  this  hyjjothesis  we  can  compute  from  tlie 
observed  results  the  probable  minimum  requirement  of  an  animal 
weighing  500  kilograms  as  follows : 

Experinifnt  of  19fn-2. 

On  the  first  hypothesi.s,         7,020  c"alorie8x(^^-^V==9, 163  calories. 

On  the  second  hypothesis,  8,250  raloriesXf  tttt-t.  I  —9>  545  calories. 

V40i.8y 

Averages 9,  354  calories. 

Experiment  of  1903-4. 

On  the  first  hypothesis,        10,395  (^loriesXr^  o^'=9»  478  calories. 

\5/4.3y 

On  the  second  hypothesis,  10,603  calorie8X(^^  q  )  ^^'  ^^^  calories. 

Average 9,527  calories. 

The  close  agreement  of  these  figures  seems  to  support  strongly  the 
view  advanced  above,  namely,  that  on  the  lighter  ration  of  Period 

I  the  animal  was  consuming  its  own  tissue  for  heat  production  and 
that  up  to  a  point  between  this  and  the  ration  of  Period  III  the  food 
would  show  an  apparent  availability  of  100  per  cent.  In  other 
words,  we  conclude  that  the  availability  would  be  represented  approx- 
imately by  the  dotted  line  in  Diagram  4.  The  point  at  which  the 
relation  changes  is  indicated  on  the  diagram  at  X,  and  could,  of  course, 
be  computed  numerically  by  the  methods  of  analytical  geometry. 

If  this  interpretation  of  the  results  is  correct,  the  loss  of  tissue  in 
Period  16,  at  13.5°  C,  should  be  greater  than  in  Period  la,  at  19°  C, 
and,  as  a  matter  of  fact,  that  appears  to  be  the  tendency,  although  the 
results  are  uncertain.     On  the  same  hypothesis  the  losses  in  Periods 

II  and  III  should  be  the  same  at  both  temperatures.     Such  an 
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equality  was  observed  in  Period  III,  but  not  in  Period  II.  In  the 
latter,  as  already  noted,  the  loss,  computed  for  seven  hours  Iyin|^, 
was  less  at  the  lower  than  at  the  higher  temperature. 

MAINTENANCE   REQUIREMENT   OF  THE   ANIMAL. 

Another  method  of  comparing  the  results  of  the  two  experiments 
is  to  compute  the  maintenance  requirement  of  the  animal  for  a  uni- 
form weight  of,  say,  500  kilograms.  The  maintenance  requirement 
may  be  defined  as  the  amount  of  food  which  supplies  sufficient  avail- 
able energy  to  make  good  the  losses  incident  to  the  vital  activities 
of  the  animal.  Owing  to  the  varying  degree  of  availability  of  differ- 
ent foods,  the  total  weight  of  food — or  the  total  metabolizable 
energy — required  will  vary  with  the  feeding  stuff  used.  The  main- 
tenance requirement,  therefore,  is  most  logically  expressed  in  terms 
of  available  energy,  and  its  amount  will  be  found  graphically  by 
producing  the  line  representing  the  availability  of  the  food  until  it 
intersects  the  vertical  axis.  The  distance  from  the  origin  to  this 
point  of  intersection  will  represent  the  maintenance  requirement  in 
terms  of  available  energy,  or,  in  other  words,  it  will  be  the  theoretical 
fasting  metabolism  of  the  animal  at  the  given  temperature.  Per- 
forming the  same  operation  arithmetically,  we  have,  on  the  basis  of 
the  average  results  of  Period  Ila,  the  following: 

(10,690  caloriee  X  0.729)+878  calorio8=8,671  calories,  maintonanoo  roquirenient. 

For  the  experiments  of  1901-2  the  computation  is  not  so  simple, 
because  the  rations  employed  contained  in  each  case  400  grams  of 
linseed  meal,  a  material  whose  net  available  energy  has  not  yet  been 
determined.  Its  utilizable  energy  (production  value),  however, 
compared  with  that  of  maize,  as  computed  by  the  use  of  Kellner's 
factors*,  is: 

100  pounds  linseed  meal =78,929  calories. 
100  pounds  inaize=:88,847  calories. 

If  we  assume  that  the  net  available  energy  of  the  two  materials 
is  proportional  to  their  utilizable  energy,  we  may  compute  the  net 
available  energy  of  linseed  meal  per  kilogram  of  dry  matter  from 
that  of  maize,  as  given  in  the  first  table  on  page  40  of  Bulletin  74  of 
this  Bureau,  as  follows: 

78  929 
2.679  calorieflX«o'o47=2,381  calorios  prr  gram  of  dry  matter. 


'  o  Pennsylvania  Experiment  Station  Bulletin  71  (reviBed),  jnigo  10.  i 

t 

] 

) 
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Upon  this  assumption  the  maintenance  requirement  of  the  animal 
in  Periods  A  and  B  of  the  experiment  of  1901-2  would  be  as  follows: 

Table  38. — CompiUation  of  mmnterumce.  requirement  according  to  experiment  of  1901-t, 


n--,  „«♦♦«-  Net  avail- 
per  gram. 


Net  avaU- 

able  energy 

of  ration. 


Period  A: 

Hay 

GramB.. 

2,879.5 

357.8 

Catorie8. 
1.268 
2.381 

CaJorU*, 
3,6S2 

Linseedmeal 

852 

Loss  from  body 

2,578 

Maintenance 

1 

7,082 

Period  B: 

Hay 

4,018.0 
354.7 

1.268 
2.381 

5,097 

845 

Ijow  from  body 

791 

Maintenance 

Average  maintenance. 


fi,733 

6,908 


The  time  spent  standing  in  the  experiment  of  1901-2  was,  on  the 
average  of  Periods  A  and  B,  fifteen  hours.  This  does  not  differ  suffi- 
ciently from  the  seventeen  hours  to  which  the  results  of  1903-4  havo 
been  computed  to  render  a  correction  necessary  for  tlie  purposes  of 
the  present  approximate  comparison.  The  reduction  of  the  above 
figures  to  a  Uve  weight  of  500  kilograms  gives  the  foHowing  results: 

Experiment  of  1903-4,  8,671  calonQ^xC^^^^^  =7 ,S24  calorios. 

Experiment  of  1901-2,  6,908  caloriesxT^^  g  J*=7,992  calorie8. 

We  find,  then,  that  if  we  assume  that  th6  results  obtained  by  com- 
paring Periods  II  and  III  represent  the  true  availability  of  the  clover 
hay,  and  that  the  divergent  results  obtained  by  the  comparison  of 
Periods  III  and  I  can  be  explained  in  the  manner  just  detailed,  we 
obtain  results  which  are  closely  concordant  with  those  of  earlier 
experiments  both  as  to  the  minimum  requirements  of  the  animal  for 
heat  and  as  to  the  amount  of  available  energy  required  for  mainte- 
nance. In  spite,  therefore,  of  the  somewhat  unsatisfactory  nature 
of  the  experiment  there  seems  good  reason  to  believe  that  the  avail- 
ability of  the  metabolizable  energy  of  the  clover  hay  was  in  the 
neighborhood  of  73  per  cent,  and  that  the  much  lower  figure  obtained 
in  the  previous  yearns  experiment  was  erroneous.  The  latter  con- 
clusion is  further  strengthened  by  computing  in  the  same  way  from 
the  results  of  that  experiment  the  maintenance  requirement  of  the 
animal  in  terms  of  available  energy.  A  computation  similar  to  that 
used  above  gives  as  a  result,  for  the  live  weight  of  500  kilograms, 
5,907  calories.  This  result  is  so  much  lower  than  those  computed 
from  the  other  two  experiments  as  to  be  almost  certainly  erroneous 
and  indicates  that  for  some  reason  the  loss  by  tlie  animal  in  Period 
II  of  the  experiment  in  1903  was  overestimated. 
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DISTRIBUTION  OF  ENERGY. 


Usiiig  the  above  corrected  figure  for  the  availability  of  clover  hay, 
we  may  derive  the  following  coixected  figures  for  the  percentage  dis- 
tribution of  the  energy  of  several  feeds  which  were  tabulated  on  pages 
44  to  46  of  Bulletin  74: 


Table  39. — Percentage  dittrUnUion  of  total  energy. 


In  feces 

In  orine 

In  methane 

Expended  in  digmtion  and  asainiUation 

Expended  in  Uosim  forniAtion 

Storad  as  gain  by  ajiiraal 

A  va4Ja.blp  for  inaintenancr 


Timothy;   Clover 
hay.     '     hay. 


Per  cent. 
48.90 
3.06 
3.79 
16.41 
13.10 
14.74 


Percent. 

I        40.96 

6.81 

5.05 

12.40   ) 

}      33.71>{/ 


100.00 
27^84 


Meadow 
hay. 


Per  cent. 
40.06 
5.71 
6.77 

27.28{ 

10.38  I 


Per  cent. 
0.18 
3.83 
0.31 
17.23 
10.06 
41.30 


100.00 1     100.004 

'  33.79' 1.'... I  ~ 


100.00 
"'60.45 


Tablk  40.  'Percentage  (Hstribution  0/  energy  0/ digested  matter. 


In  urine 

In  Toethane 

In  digestion  and  asolmilation. 

In  tissue  formation 

Stored  aa  gain 


Available  for  ifaaintcnanoc. 


Timothy 
hay. 

Clover 
hay. 

Meadow 
hay. 

Maico 
meal. 

Per  cent. 
6.00 
7.42 
32.10 
25.64 
28.  H4 

Per  cent. 
ll.,53 
10.08 
21. 15 

}      57.24{ 

Per  cenL 
0.66 
11.57 

}    «.os{ 

32.69 

Per  cent. 
A.21 
10.25 
18.07 
20.09 
45.57 

100.00 

100.00 

100.00 

100.00 

54.49 

27.61 

66.55 

The  same  results  may  also  be  computed  in  calories  per  unit  of  dry 
matter,  using  the  percentages  of  the  above  tables  as  coefficients. 
The  total  or  gross  energy  of  the  materials,  taking  in  case  of  timothy 
hay,  clover  hay,  and  maize  meal  the  average  of  the  two  general  sam- 
ples, was  as  follows: 

Table  4 1.-  -  Total  or  groM  energy  of  materials. 


Timothy  hay. 
Clover  hay 


Oerman  meadow  hay . 


Per  kilo- 

Per kUo- 

gram  dl- 

gram  dry 

geiited  or- 

matter. 

ganic 

matter. 

Caiorieg. 

Calorics. 

4,.'>54 

0  4,382 

4,402 

b  4, 476 

4,431 

<:4,327 

4,413 

4,437 

•  PreUminary  period,  steer  No.  1.      6  Avenge  of  Periods  I  and  II.      c  Average  of  Periods  III  and  IV. 

On  this  basis  have  been  computed  the  figiu-es  of  the  tables  follow- 
ing, showing  the  total  energy  per  kilogram  of  dry  matter  and  its  dis- 
tribution in  accordance  with  the  percentage  figures  already  given. 
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Table  42. — Energy  per  kilogram  of  total  dry  matter. 


Timothy'   Clover 
I     hay.  hay. 


Lost  In  feces 

Loet  In  urine 

host  in  methane 

Expended  in  digestion  and  asaimliation. 

Expended  in  tisiue  formation 

Stored  as  gain , 


',  Calorie*. 

2,227 

139 

173 

'  747 

597 
671 


Total 

Available  for  maintenance. 


4,554 


1,268 


Calories. 

1,840 
306 
267 
561 

}      1,S18{ 


4,492 


1,518 


Meadow 
hay. 


Maize 


Calories. 

1,807 

252 

299 

,204{| 

851 


1, 


Calones. 
407 
170 
413 
763 
844 
1,834 


4,413  I 


4,431 


2,679 


Table  43. — Energy  per  kilogram  of  digestible  organic  maJtier, 

Timothy 
hay. 

Clover 
hay. 

Meadow 
hay. 

Maize 
meal. 

Lfost  in  urine 

Calorics. 

262 

325 

1,407 

1,124 

1,264 

Calories. 
516 
451 
947 

}      2,562{ 

Calories. 
429 
513 

}      2,045{ 

1,450 

Calories, 
183 

Lost  in  methane 

443 

Expended  in  digestion  and  ataiinilation 

821 

Expended  in  tissue  formation . .  . 

(OK 

Stored  as  gain 

1,97:2 

Total : •. 

4,3K2 

4,476 

1,437 

4,327 

Available  for  malntenancH^ ......  .      

2,388 

2,562 

2,880 

Taking  the  figures  for  timothy  hay  as  unity,  the  relative  values  of 


these  four  feeding  stuffs  are  as  follows: 


Tablk  44.-    lU'laliiv  values. 


Keed. 


Timothy  hay. 
Clover  hay.. .. 
Meadow  hay.. 
Maize  meal. . . 


Per  kilogram  total 
dry  matter. 


For  main- 
tenance. 


1.00 
1.20 


For  fat- 
tening. 


1.00 


1.27 
2.73 


Per  kilogram 

digestible  organic 

matter. 


For  main-  Forfat- 
tenance.  i  tening. 


1.00 
1.07 


1.00 


1.15 
1.56 
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Tablk  I. — Live  weighty  water  drunk,  and  excreta  of  animal  fed  on  clatter  hay, 
[For  24  hoars  ended  at  0.  p.  m.  on  date  given.] 


Pferiodand 

date. 


weight. 


Water 
drank. 


Period  I. 

Jam  1904. 

2 

3 

4 

5 

6 


Feoes. 


Urine.o; 


Feoee.    Trine.a 


8.. 

9.. 
10.. 
11., 

12.. 

13., 
14., 
15., 
Ui., 
17. 
18. 


Kilos. 

A      610.5 

.1       fi02. 4 

fiB7.0 

584.2 

586.1 

560.8 

.1       577.8 

.!       582.7 

570.8 

558.6 

/b  580.8 

■   \e577.6 


d  565.3 
560.5 
565.1 
571.2 
562.6 
560.7 
557.2 


'{c 


21 i    if650.7 

22 1        546.2 


Kilo*. 
0.0 

Grams. 

Orams. 

28.6 



8.0 

' 

22.2 

0.0 

27.3 

21.0 

0.0 

ao 

34.7 

ao 



i  Pfriod  n 


Feb.,  1904-Con. 
13 


11.33 

.76 

23.0 

24.6 

8.5 

9.5 

0.0 

11.805  I 
25.8      I 


.,        ToUl  .... 
l>piUed  in  calo-  i 

rimeter  Jan. 

14 ' 

Dung   from  I 

duct  Jan.  14. . ' 
BpUled  in  staU 

„Jan.  16 

SpUledin  calo- 

nmeter  Jan. 

31 

Spilled  in  etaU 

Jan.  22 

Tranaltton  pe-  | 

liod: 


54.037 


3,500 

4,034 

5,040 

3,125 

5,425 

4.803 

5.336 

11.635 

6.042 

10,002 

5,094 

10,252 

.■5.746 

6.861 

6.172 

3.724 

6,609 

2,705 

4,075 

4.660 

62,127 


100.1       ltt.«5 


Jan 

.23 

24 

25 

28 

27 

28 

29 

odIL 

04. 

6G2.0 
560.4 
571.0 
576.8 
582.8 
584.8 
504.0 

PeH 

Jan.,  i« 
30. 

507.8 

31. 

597.4 

?«b.,  1904. 

506.2 

506.4 

564.6 

504.0 

504.8 

5842 

580.3 

585.0 

/6  507.2 

10 

U 

'587.1 

12 

578.1 

25.1 
36w6 


39.35 


19.0 
19.8 
16l4 
18.8 
15.1 
25.6 
14.0 


13.0 
40.8 

25.2 
5.4 
29l1 
10.5 
6.2 
22.8 
13.9 
11.3 


15.4 
11.052 
17.470 
12.1 


12,166 
10,807 
8,725 


6,446 
5,825 
7,468 


Total  .... 

SpiUed  in  calo- 
rimeter Feb. 
11 

SpiUrd  in  stall 
Feb.  13 

Spilled  in  calo- 
rimeter Feb. 
18 

SpiUed  in  sUIl 
Fob. 19 

Transition  pe- 
riod: 
Feb. 


21.. 
22.. 
23.. 
lA. 
25.. 
2ti. 


,•171.2 
.Wl.  1 
.583.  5 

.W6.  \\ 
.V«i.  1 
.W7.2 


27.2 
20.  K 
30.1 
16.9 
15.7 
22. 3 


8.815  ■  7.753 

9.711  ,  5.4H4 

8.806  5.. 105 

8. 100  I  &  452 


97.S07  I  65,706 

142.4 

51. «i    

""l 

4.7    *.. 


Period  in. 
Feb.,  1904. 


27 

28 

29 

r..  1904, 
1 

590.5 
585.7 
579.7 

579.0 

2 

581.0 

3 

579.2 

4 

575.1 

5 

577.8 

6 

567.8 

7. 

578.6 

H 

fb  572. 0 
ta500.8 

9 

10 

d583.6 

11 

573.8 

12 

13 

14 

15 

16 :. 

560.2 
569.8 
564.2 
567.4 

17 

18 

rf5t)9.2 
562.2 

Total  . . . . 

Spilled  In  calo- 
rimeter Mar. 
10 

SpilliMl  in  StaU 
Mar.  14 

Spilled  in  calo- 
rimeter Mar. 
17 


17.2 
12.9 
15.0 

18.5 
14.9 
11.4 
17.0 

2.3 
23.7 

2.0 
23.0 


5.205 
16.020 

1.4 
22.2 

7.8 
16.1 


18.100 
11.200 
14.4 


I 


7,306 
0,504 
8,082 
7,768 
7,810 
7,710 
6,392 
8,449 
7,385 
8,287 


75,693 


4. 770 
4,(!07 
5.287 
4,735 
4,452 
rf3.097] 
4.707 
4,657 
4,735 
5.0.38 


46.175 


441 


« Including  wash  water, 
b  Taken  at  7.30  a.  m. 
e  Taken  at  1p.m. 


d  Taken  at  6  p.  m. 
«  Small  loss  of  urine. 


47 
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Table  II. — Compositionof  dry  matter  of  feces. 


Constituenta  and 
energy. 

Period 
I.      • 

Per  cent. 
10.03 
14.25 
32.90 

Period 

Period 
III. 

ConBtltuenta  and 
energy. 

Period  i   Period 
I.              II. 

Period 
III. 

Ash 

Per  cent. 
10.88 
14.06 
31.95 

Percent. 
10.99 
14.01 
33.86 

38.21 
2.93 

Total  nitrogen  .... 
Proteid  nitrogen . . 
Carbon 

Per  cent. 
2.28 
2.06 
48.29 
6.07 

Calorie* 

Per  cent. 
2.24 
2.06 
48.03 
6.15 

Catorte* 

J^ercent. 
2.24. 

Protein  (N  X  6.25)  . 
Crude  fiber 

l.»7 
47.94 

Nitrogen -free  ex- 
tract  

Hydrogen 

a.  25 

30. 56  !       39. 91 

Heat  of  combustion 

Calort€» 

Ether  extract 

3. 26  1         3. 20 

per  gram. 
4,711.4 

100.00 

100.00 

100.00 

Table  III. — Digestibility  of  rations. 


Dry 
mat- 
ter. 


^"^  '■  Grms, 

Hay •....2,933.31 

Feces 1,131.9, 


Digested 

Coefflcient,p.et . 

Period  II. 


Orms. 
203.0 
113.6 


,801.4 
61.41! 


89.4 
44.04 


Hay '5,025.3 

Feces ,1,940.1 

Digested 3,085.2 

(\)officJent,p.ot.|    61.39 


367.3 
211. 


Or- 
ganic 
mat- 
ter. 


^^^-   teids. 


Orms.  Qrms.  Grms, 
2,730.3  355.2  30.6 
1,018. 3|     161.4... 


1,712.0,     193.8     39.6 
62.70     54.  «>  100.00 


,729.0     272.8,. 


Period  III. 

liny 4,130.1 

Feces 1,627.2 


146.2  2,930.0     321.2     81.0 
62.06]    54.08100.00 


283.1 


Digester] ,2,511.9! 

Coefflcient,p.ct.     60. 68 


,627.2     178.81 


3,8,'i6.0 


178.811,448.4 


104.32,407.6 
36.83|    62.43 


490.1 
228.  Ol. 


60.0 


2.1     60.0 
53.48100.00 


L481I 


Crude 
fiber. 


Orms. 
834. 
372.6 


462.2 
5.').37 


Nitro- 
gen- 
free 
ex- 
tract. 


Si 


Orms 
,403.0 
448.2 


a'i4.8 
68.  W) 


1,408.12,411.1 
619.9,     774.2 


788.2 
5.5.97 


1,193.0 
551.0 


642.0 
53.81 


1,636.9 
67.90 


1,974.2 
621 


,352.5 
68.51 


^•^^r  Nitro- 
tr^t.     K« 


Orms.  I  Orms. 
97.7,  65.2 
36.9      25.9 


60.8, 
62.24 


39.3 
60.36 


172.9 
62.1 


Car- 
bon. 


Ener- 
gy- 


OrvM.     CaU. 
1,366,1|13,170.7 
547.0   5,403.3 


819.1 
59.96 


112.5  2,323.7 
43.5       931.8 


110.8 
64.08| 


69.0 
61.37 


138.7 
47.7 


91.0 
65.62 


60.06 


1,301.9 
59.89 


91.2    1,911.0 


54.8   1,131.010,800.0 


7,767.4 
58.97 


22,557.7 
9,132.0 


13,425.7 
59.51 


18,535.1 


980.0   7,660.1 


59.18       56.64 


Table  IV. — Remits  on  urine  {inchisive  of  wash  water). 


Period. 


Weight. 


Period  I. 

Orams. 

Total  collected l62, 157 

Daily  average  ( 10  days) |  6, 215. 7 


Period  II. 


Total  coUwted 65,796 

Daily  average  (10  days) 6, 579. 6 

PeHod  III. 


Total  coUected 46,  m(\ 

DaUy  average  (10  days) |  4,661.6     1.0432 


Aver- 
age 
specific 
grav- 
ity. 

1.0379' 

i.oiii' 

Eneigy. 

Total  nitrogen. 

Total  carbon. 

PerkUo-     m^ 
gram.        ao«"- 

Per  ct. 
0.813 

1.050 
1  •><» 

Orams. 
507.53 
50.75 

690.5 
69.05 

605.5 
60.65 

Perct. 
1.797 

2.66ti 

Orams. 

1,121.48 

112. 15 

1   HK7.« 

Calories.   Calories. 

167.6       1,046l40 

'  '168.76 

1 
1 

3.040   1,418.0 
141.80 

231.4  1    1,522.25 

1.0432    

287.6  1    1,347.16 
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Table  V. — Rendual  air. 


a  Corrected  for  tension  o(  uqucous  vapor.    Thu  air  in  the  aspirator  is  assumed  to  1)e  saturated. 
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Table  YI.— 'Ventilation. 


Period. 


Volume 

at  meter 

pump. 


Period  Ja. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


Period  IJa. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


Period  JJJa. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


Period  lb. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


Period  lib. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


Period  nib. 


Subperiod  1.. 
Subperiod  2.. 
Subperiod  3.. 
Subperiod  4.. 


LiUrs. 
464,412 
462,239 
463,428 
463,023 


471,508 
488,900 
488,247 
487,949 


488,147 
493,903 
495,677 
498,996 


453,669 
450,415 
453,719 
454,164 


487,850 
491,863 
487,751 
492,110 


496,006 
406,848 
493,745 
496,321 


AyvFfLgR 
barome- 
ter. 


Average 

teoBlon  of 

aqueous 

vapor. 


Mm. 

726.6 
722.0 
718.8 
719.9 


739.0 
740.9 
739.-9 
730.0 


724.3 
727.3 
730.6 
731.8 


740.4 
735.4 
731.7 
728.4 


734.5 
737.2 
738.6 
737.5 


729.1 
734.4 
738.0 
737.9 


Mm. 
1.06 
1.20 
1.00 
1.13 


1.75 
1.50 
1.48 
1.60 


1.69 
2.37 
2.04 
1.68 


1.31 
1.02 
1.10 
1.00 


1.50 

l.OO 

1.10 

.98 


1.77 
2.35 
1.60 
1.45 


Average 
tempera- 
ture. 


16.8 
18.0 
18.0 
18.2 


15.3 
16.3 
16.5 
17.8 


16.6 
16.6 
15.3 
15.5 


Reduced 
volume  at 

meter 
pump,  dry. 


Liters. 
406,344.4 
411,279.9 
410,587.3 
411,347.4 


433,076.6 
448,937.8 
448.887.4 
444,520.9 


437,473.2 
444,206.9 
450,045.0 
463,543.0 


12.4  !  422,112.0 

14.0  '  422,288.6 

14.3  414,500.4 

14.6  ;  412,627.8 


14.2 
15.1 
13.6 
14.1 


15.1 
15.4 
14.1 
15.4 


447,273.2 
451,481.2 
450,851.2 
453,460.5 


451,671.8 
464.774.7 
464,942.9 
456,316.7 


Sample 
of  resid- 
ual air. 


Liters. 
21.89 
21.55 
21.58 
21.75 


22.46 
22.39 
22.37 
22.22 


22.07 
22.12 
22.27 
21.97 


I. 


Methane 


Volume  of 

f.  ro-     '   entering 
tioed.       air,  dry. 


du 


22.56 
22.45 
22.47 
22.22 


22.29  I 
22.61  I 
22.58  I 
22.46  I 


22.06 
22.43 
22.65 
22.31 


I 


Liters. 
48.61 
43.44 
50.78 
51.26 


58.79 
78.03 
71.99 
47.60 


52.46 
63.77 
46.95  I 
51.23  ' 


I 


47.47  I 
43.50 
48.18 
43.33 


36.92 
41.28 
58.41 
26.84 


45.17 
58.57 
50.79 
64.31 


LUers. 

406,317.6 

411,258.0 

410,588.1 

411,317.9 


433,040.3 
448,882.2 
448,837.7 
444,405.6 


437,442.8 
444,1«5.2 
460,020.3 
458,513.8 


422,067.0 
422.267.6 
414,474.7 
412,006.7 


447,258.6 
451,462.0 
450,815.3 
453,456.1 


461,648.6 
454,738.6 
464,905.8 
465,274.7 
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Table  VII. — Ingoing  air. 


Period. 


Period  la. 


Sabperiod  1 . 
Suhperiod  2. 
JHibperiodS. 
Subpeilod  4. 


Period  Ila. 


Sabperiod  1 . 
Subperiod  2. 
:>ubperiod3. 
Sabperiod  4. 


Period  I/Ia. 


Sabperiod  1 . 
Subperiod  2. 
•*ubperiod3. 
!^Qbperiod  4. 


Period  lb. 


Snbperiod  1 

Subperiod  2, 

Subperiod  3 

Subperiod  4 

Period  Jib. 


'  Aapi- 
Irator 

read- 
'  ing. 


roiiM- 
ter.a 


Litert  Mm. 


200 
200 


200     703.0 


200 


200 
200 

200 
200 


200 
200 

aoo 

200 


20O 
200 
200 
200 


I 


Subperiod  1 1  200 

Sabperiod  2 200] 

Subperiod  3 200 

Sabperiod  4 j  200| 

Period  IITO. 

Subperiod  1 1  200j 

Sabperiod  2 200 

!Jubperiod3 200 

Sabperiod  4 '  2001 


711.1 
700.2 


706.5 


T26.7 
734u7 
72ft.  5 
722.7 


,  diioed 
Tern-  twpira- 
pera-      tor 
ture.     «»<1- 
ing, 
dry. 

I 


I 


722.3 
724.51 
726.6' 
724.31 


7ia7 
722.0 
726l» 
720.8^ 


20l4 
21.6 
21.2 
20.6 


19. 
19.6 
20.0 
20.8 


LiUrs. 
174.12 
17a  76 
172.25 
172.87 


710. 2  IS.  Si 

712.2  18.6 

718.6  18.2 

714.4  20.4 


726. 2  17. 4 

720.3  17.0 
71&  1  16. 4 

714.4  17.2 


I 


19.4 
16.4 
18.0 
17.8 


20.4 
16.6 
17.4 
19.0 


Litert 


0.05 
.06 
.06 
.06 


I 


178.43. 
177.95 
178.  U' 
176.72 


179. 
178.44 
17&80 
176.86 


177.47 
179.85 
179.39 
17&95 


175.99 
179. 10 
179.80 
177.34 


174.84  .05 

175.47  .05 

177.28  .05 

174.92  .05 


.06 

OB 


lAUrt. 
174.17 
17a  81 
172.301 
172.921 


178.48 
178.00 
17&19 
176.77 


174.89 
175. 52 
177.  S 
174.97 


179.72 
17&50 
17K.95 
17491 


I 


.05 
.061 
.05 
.05 


.06 
.05 
.05 
.05 


177.52 
179.90 
179.44 
179.00 


176.04 
179. 15 
179.  H5 
177.39 


I: 
2,844.4 

2,407.7 
2,382.8 
2,37&7 


2,426.3 
2,521.8 
2,518.9 
2,514  5 


2,501.3 
2.530.6 
2,537.8 
2,592.0 


2,348.6 
2.366.6 
2,316.2 
2.332.3 


2  519. 5 
2,509.5 
2. 512  4, 
2,533.3' 


2,565.6 
2.538.3 
2,  .529.  4 
2.566.5 


Oram.    Oramt..  Oram.  '  Omt. 

a0027     217.3  I    a  1064!  294.4 

.0822     149.8,      .1002   2S2. 9 

.0546     153.9  1      .1061    25Z8 

.0664'     157.9        .1049  2«.ft 


.12441  301.8 

.0623  157.1 

.0644,  162.2  , 

.0547,  137.6  > 


.07611  190.4 

.0679;  171.8 

.0679  172.3 

.0668  1V3. 1 


.1062 
.1047 
.1013 
.10631 


.1188 
.1653 
.1146 
.0582 


257.7 
264.0 
255.2 
264.8 


279.0 
391.0 
265.4 
135.7 


.  1217  306. 6 

.2228  559.1 

.0590  148.2 
.0365       92. 46^ 


.0562  144.2 

.0558,  141.6 

.a'i27l  133.3 

.a'idl,  141.4 


.1063  263.4 
.1040^  263.2 
.1043  254.7 
.1074   27&4 


.1143  268.4 
.1176  27R2 
.1133'  262  4 
.1057    246.5 


.10909  2S9.5 

.1040,  261.0 

.1069  268.6 

.1072,  271.6 


.1040  266.8 

.lOiM)  2(i0. 1 

.lOVr,  2li0.4 

.1002  2K).3 


I 


•Corrected  for  tenflion  of  aqueoas  vapor.    The  air  In  the  aspirator  is  assumed  to  be  saturat<Hl. 
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Tablb  VIII.— Corfton  dioxid. 


Period. 


Carbon  dioxid 
in  samples 
(corrected). a 


Pan 
No.  1. 


PeritMl  la. 

I  Orams. 

Subperiod  1 |ia96«2 

Subperiod2 1L0263 

SubperiodS 11.1844 

Subperiod  4 lL3e08 


Period  I  la. 


Subperiod  1. 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Period  Ilia. 


Subperiod  1 . 
Subperiod  2. 
SubperiodS. 
Subperiod  4. 


Period  lb. 


Subperiod  1 . 
Subperiod  2. 
SubperiodS. 
Subperiod  4. 


Period  lib. 


Subperiod  1 . 
Subperiod  2. 
SubperiodS. 
Subperiod  4. 


Period  II  lb. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


12.3888 
ia0521 
13.0874 
12.7990 


12. 1124 
lLe727 
11.9952 
11.6806 


11. 1205  I 
11.3118  ' 
11.2616  , 
1L5085 


Pan 
No.  2. 


Qrams. 
1L0337 
11.0203 
1L2091 
1L2964 


12.4076 
U0fi08 
13.0295 
12.8467 


12.0378 
1L7236 
1L9922  I 
11.6603  I 


1L1061 
1L1981 
11.3297 
lLfi090 


Total, 
Nob.  1 
and 
2X100 
and  cor- 
rected, fr 


QratM.  . 
2,208.4  I 
2,208.3  I 
2,243.0 
2,26a  4  I 


12.  5048  I  12. 4768 

12.7031  12.6671 

12. 7993  I  12. 6885 

12. 6649  '  12. 6697  I 

-  I         I 

11. 7520  ,  11. 7364  , 

11.5499  '  IL  6389  ' 

11. 8184  11. 6908 

11. 8825  11.  8158 


2,483.7 
2,614.6 
2,616.0 
2,568.7 


2,419.0 
2,343.5 
2,402.7 
2,338.9 


2,226l0 

2,254.7 
2.26L9 
2;  32a  6 


2,511.2 
2,54L2 
2,56a0 
2. 53a  6 


2.352.7 
2,322.7 
2.354  8 
2. 37a  7 


In  sam- 
ple of 
resid- 
ual air. 

Ck)rfec- 

tion  for 

residual 

air. 

Oram. 

ai 

.1 
.1 
.1 

QratM. 

+L0 

-ao 

•-L1 

+a9 

.1 
.1 
.1 
.1 

-6.1 
+4.8 
-4.9 
+a4 

.1 
.1 
.1 
.1 

-a  2 

+&0 

-6.0 
+4.4 

.1 
.1 
.1 

-1.2 

+  .6 

+1.2 
-1.1 

.1 
.1 
.1 
.1 

+4.4 
+1.7 
+1.0 

-.L8 

.1 
.1 
.1 
.1 

-as 
+a6 

+  .6 
+50 

Total  COt'  Total 
in  out-  '  CDs  in 
coming  .ingoing 
air.  air. 


COj 

added  in 
cham- 
ber. 


Equiva- 
lent 
carbon. 


I 


QratM. 
2,204  5 
2,20&4 
2,24ao 
2,276.3 


2, 47a  7 
2,619.5 
2,611.2 
2,671.2 


2,4ia9 
2, 34a  6 
2.397.8 
2, 34a  3 


2,2259 
2, 26a  4 
2, 26a  2 

a32a6 


2,51&7 
2,54ai 
2,5541 
2,53aO 


2,35a  6 
2,325  4 
2,355  5 
2, 37a  9 


QratM}  QratM. 


240.4 
26a8 
2618 
24a  5 


267.7 
2640 
2552 
2648 


/6a4 
28a2 
2647 
27a  4 


26a4 
27a  2 
2014 
24a  5 


260.6 
261.0 
26a6 
271.6 


26a8 
269.1 
269.4 
280.3 


1,9551 
1.94a6 
1,98a  2 
2,025  8 


2,22L0 
2, 35a  5 
2,3Sai 
2,30a5 


2, 15a  5 

2,08&4 
2,13ai 
2,0649 


1,967.5 
1,977.2 
2.00a  8 
2,07a  1 


2,26a2 
2,282.1 
2, 28a  5 
2, 26a  4 


2,08a  7 
2,05a3 
2.086.1 
2.09a  6 


QramM. 
533.2 
530.0 
542L5 
552L4 


605l7 
642L3 
642.5 
629.0 


587.3 
56&7 
581.7 
56ai 


533.8 

5^9.2 

e54a3 

566.2 


61&3 

622.3 

e62aO 

6iao 


56a2 

6ea8 

56a9 
572.3 


a  For  number  of  pump  strokes. 

ft  For  a  slight  leakage  from  the  pans,  amounting  to  about  a  165  per  oent  of  the  total  volume. 

cComotion  applied  for  man  entering  chamber,  —0.3  gram  carbon. 
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Water  in  MUD- 
1      plM  (oor- 
*      ncted).« 


Pertod. 


Pan 
,  No.  1. 


ami. 
766l 
57a  1 
fiW. 
532.0^1 


(lOII 


L81 


Onu. 
.440.0 
1.026.0 
,877.0 
,517.0 


41 


l^eriod  hi, 

Gma.    Q\ 

SobpcTtod  1 3^7823  3.8547 

Sabperio<12 2.84S2  2.8766 

SubperiodS 2.5363  2.5547 

Stal>peiiod4 2.  664D{  2.6476 

Period  Ila. 

SotvpeTiodl 4.13291  4.  in5 

&atyDeriod2 3.67M  3.6654 

SubperiodS 3.6036  3.63961 

Sabpertod4 ^  4.0213|  4.0380 

reriod  Ilia. 

Solraeiiodl 6.3739|  6.42881,282.31.202.0 

SobperiodS 5.9328  5.90241,185.51,272.0 

SubperfodS 5.1046  5.1016^1,022.3  1,340.0 

Sobperiod4 '  4. 2236|  4.2406]    847.8|l, 606.0 

Period  lb. 


Pan 
No.  2. 


Total, 
Nofl.l 

and 
2X100 
(oor- 

rect- 
ed).» 


832. 
736t7 
726. 
807. 


Subperiodl 3.015713.0426 

Sobperiod  2 2. 3775!  2. 3810 

SobperlodS I  2.5641  2.5626 

Sobperiod  4 1  2.3299  2.3204 


606.8 
476. 
611. 
406i4 


Period  lib. 


Subperlod  1 . 
Sobperiod  2 . 
Subperlod  3 . 
Sobperiod  4 . 


3.6076  a6374 
2.4445  2.4589 
2.7217  2,7077 
2.4214,'  2.4335 


Period  I  lib.    I  I 

Sobperiod  1 J.«7»  4.4660 

Anhneriod  2 ^  6633,  3. 6412 

ISbSriSdl...    J  i»763  3.9833 
|Sb??riSd4 j  3.6247   16324 


I 


T25.7 
491.2 
64a8 
486. 


.01 


891 
73a7 
796.2 
726.91 


In 


Onab- 
■orb- 
en. 


740.0 
1.824.0 
,820.0 
,603.0 


31 


016.0 
1.0340 
1,02&0 
,274.0 


(Tut. 
0.1 


988.0 

,303.0 

.13&0 

1.173.0 


1,248.0) 
1,734.0, 
1,390.0 
,386lOI 


.0 
.0 
.0 

•01 


.0 
.D 
.0 
.0 


In 


Cor- 
Mun-'  reo- 
pto  tion 
of  for 
resid-,  rpoid- 
oal  I  ual 
air.      air. 


L 


■ToUl 

Cot-    UsO 

reo-  In  out- 

tlon  .  com- 

of  hy-^ing  air 


groiD- 
eter. 


+ab. 
■orb- 
era. 


Om.    Qms.    Om9.    Qmt. 

0.r  -  4.0.  -5l  0:2. 107. 1 

.1+4.4    -5.02,198. 

.1'  +  2.7    -5l02,O78. 

.l!  +     .2   -5.02,044. 


.1    +  4.4 

.  i;  -  2. 2 

.li-     .6 
.1   + 


+     .5 

+  2.7| 

+     •• 
-     .3 


-  8.0 
+  11.7 
-1.8 

-  .3 


+22.0 
-11.8 
+  2.  a 
-1.2 


-  2.3 

+  4.8 

+  8.3 

-  3. 


-5l  02. 571. 9 
-5l02.568.6 
'-5L02,54ai 
-5.02.496.7 


-5.0,2.539.9 
-6.02.456.3 
-6102.366.3 
-5.02,537.7 


-5.01,621.9 
-5.011,786.4 
-5.01.643.8 
-&01. 634.2 


-501,990.8 
-502,206.5 
-5.01.93a  9 
-5.01.866.2 


-6.01,900.7 
-6.01,764.5 
-5.01.826.6 
-5.01,902.91 


Total 
HiO 
In  in- 
going 
air. 


OlM. 

217.3 
140.8 
153.9 
157..9 


Water  »«,.,„ 
hydro- 


ber. 


Ohm.  Qmt. 

1.979.7  22a0 

2.048.8  227.7 

1.925.3  213.9 

1.886.4  209.6 


301. 8{2, 270.1 
157.12,395.5 
162.2i2,377.9 
137.52.386.2 


I 


282.2 
266.2 
264.2 
282.0 


190L  42.349. 5 
171.82.283.5 
172.32,186.0 
173.12,364.5 


261.1 
263.7 
242.9 
262.7 


270.01.242.9     13&  1 
391.01.396.4;    155.0 


266.41. Sn.4 
135.71.408.5 


C153.0 

im.5 


306.61,684.2  187.1 

560.11,649.4;  183.3 

148.21,782.7,  el9K.O 

92.5'1,T72.7  197.0 


144.21,766.51 
141.61,622.9] 
133.31.603.3 
141.41,861.6 


196.2 
180.3 
188.2 
206.7 


a  For  number  of  pomp  atrokes. 

h  Vol  aUgfat  leakupe  from  pana,  aee  previous  tabic. 

«  Conection  applied  for  man  entering  chamber  —0.06  gram  hydrogen. 
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Table  X. — Carbon  and  hydrogen  in  coinbustible  gases. 


Period. 


Period  la. 


Subperiod  1 . 
SubpericKl2. 
Subperiod  3. 
Subperiod  4. 


Period  Ila. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Period  nia. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Period  Jb. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Period  Jib. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Period  Illb. 


Subperiod  1 . 
Subperiod  2. 
Subperiod  3. 
Subperiod  4. 


Total 

CO, 

weighed 

xloo 

(cor- 
rected) .a 


Correc-     Carbon 


Gramt. 
9a  26 
8S.15 
96.20 
103.47 


11&  37  ' 
156. 18 
144.34  ; 
96.54  I 


tloD  for 

ingoixig 

air. 


Oramt. 
-3.04 
-3.06 
-3.05 
-3.06 


-3.22 
-3.34 
-3.34 
-3.30 


106.02  ' 
128.22  ' 
95.32 

103.71 ; 


96.12  '■ 


VI. 1 A 
87.04 


75l64 
84.22 
117.76 


91.83 
118.09 
120.50 
129.35 


-3.26 
-3.30 
-3.36 
-3.37 


-3.14 
-3.14 
-3,37 
-3.07 


-3.33 
-3.36 
-3.36 


-3.36 
-3.38 
-3.38 
-3.39 


aatay- 

drocai^ 

bon. 


OratM. 
26.97 
23.20 
26.40 
27.39 


31.40 
41.68 
38.45 
2&43 


28.03 
34.07 
25.08 
27.36 


25.36 
23.24 
26.73 
23.14 


19.72 
22.06 
31.20 


Total 

HfO        Correo- 
welf hed  I  tion  for 

X200       ■ 

(cor- 
rected).* 


,  ingoing 
air. 


Hydro- 
gen as 
nydro- 
carbon. 


I 


24.13 
31.28 
31.94 
34.35 


Qrama. 
79.69  , 
72.54 
79.65 
85.72 


97.12 
121).  83 
119.36 

79.23 


87.95 
106.00 
79.17 
85.92 


76.67  , 
71. 18  i 

84.68  I 
71.86 


62.94 
76. 10  I 
96.36 


OravM. 
-7.42 
-7.47 
-7.46 
-7.47 


-7.86 
-&16 
-a  15 
-a07 


-7.94 

-ao7 
-a  17 
-a  24 


-7.67 
-7.67 
-a  24 
-7.49 


-a  12 
-a  20 
-a  19 


Methane, 
CO,X 
.3643. 


Qranu. 
a03  I 
7.23 
a02 

a69  ' 


9.92  : 
13.19 
12.36 

7.91 


a89 
10.88 
7.89 
a  63 


73.50 
96.54 
101.83 
107.78 


-a  20 

-a2<) 
-a  26 
-a  27  , 


7.67 
7.06  I 

a49 

7.16  ' 


ao9 

7.43  ' 
9.80  I 


Qrama. 
35.80 
32.11 
36.06 
37.60 


43.12 
56.90 
62.58 
35.17 


3ati2 
46.71 

34.73 
37.78 


35.02 
32.19 
35.61 
32.04 


7.26 
10.03  , 
10.40  I 
11.06  , 


27.56 
30.68 
42.00 


33.45 
43.02 
43.90 
47. 12 


a  For  slight  leakage  from  pans,  see  previous  table. 
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period. 


Pkhiod  la. 

Subperiod  I. 

6p.m.  to6J>l  p.m... 
6.dl  p.  m.  to  IIUW  p.  m 
llJOp.m.  to  12.40a.m. 
13.40  a.  m.  to  1. OS  a.  m 
IjOB  a.  m.  to  2.13  a.  m 
2.13  a.  m.  to 6a.  m... 


Latent  heat  of  water 
vapor 

Correction  for  feed, 
water,  excreta,  and 


a 

29.0  7.IW62 
30.0  6.8006 


l2.S308j  5. 0246 

10.7945!  3.9340 

28.01  6. 6220;  12. 0600  5.4280 

27.0.  6.881413.5243  6.6429 


28.  o;  6.0665 
5.0005 


28.  a 
30.0 


Total  beat.. 
Subperiod2. 


6  a.  m.  to  8.17  a.  m 

8.17  a.  m.  to  0.06  a.  m. 

9M  a.  m.  to  10.14  a.  m . 

10.14  a.  m.  to  11.30  a.  m.  [27. 0;  6. 4975 

11.30  a.  m.  to  6  p.  m. 


Latent  heat  of  water 
vapor 

Correction  for  feed, 
water,  excreta,  ana 
veeeele 


Average  temperature  of  water      | 
current.  j 


12.2594   6.1929; 
9.6850i  4.6645 


30.0-  5.2237 
29.0  5.4425 
28.0  5.7324 


28.0^  6.2613 


9.3171  4.0034 

10.19831  4.7558 

11.42001  5.6870 

13.6640  7.1665 

12.8185  6.5672 


5.0854 
3.9850 
.0006|  5.4286 
.0004:  6.6433 
.0006  6.1035 
.0010^  4.6655 


a! 
II 


Heat  pro- 
duced In 
absorbers. 
\ ,   Total 

•  e  1  -g         heat, 
^5     I  .    calories 

Is     ?li  :  at 20.* 


II  11 

O  o   I  H 


I 


Litert.  Cm. 

59.00  1.0030,    0.40l 

490.00  1.0035 

35.00  1.0033 

16.00  1.0030, 

55.00  LOOKS 

340.50  1.0044! 


.ro 

.SO 
.20 
.30 


Cal.  I 

0.01  297.38 

.08i  1,934.82 

190.64 

106.61 

.01  341.82 

.08,  1,637.71 


1 


.0010 
.0008 

.0006 
.0004 
.0006 


I     -13.06 
I  5,667.92 


I 


I  I 


4.0044 

4.75661 
5.6882. 
7.1660 
6.5678. 


209.00   1.00441 
60.00   1.0041, 


.50'      .03 

.401      .01 
.30'      .01 
44.501  1.0031       .20 
331.50  1.0033       .30 


60.00 


1.0 


850.46 
286.56 
342.58 
319.92 
2.184.38 


Total  heat.. 

SttbpeHod  S. 

6  p.  m.  to  6.42  p.  m '28. 0  6. 3282!  12. 9101  6.5900 

6.42  p.  m.  to  7.46  p.  m . .  29.  Oi  6. 0625  1 1. 4260  5. 3744 

7.46  p.m.  to  7.51  p.m..  28.  Oi  6.1400.11.4200  5.2800 

7..51  p.  m.  to  12.58  a.  m . .  29. 0'  6. 0323 11. 6083  5. 5760 

,0  eo *^  « 28.0  6.2820,12.08801  5.8060 


12.58  a.  m.  to  2  a.  m , , 

2  a.  m.  to  3.08  a.  m ^.0  6.600613.5171'  O.OIW) 

3.06  a.  m.  to  6  a.  m 29.0  5.958411.1751   5.2167 


Latent  heat  of  water 


vapor , 

Correction  for  feed, 
water,  excreta,  ana 
vessels 


Total  heat.... 

Subp€Hod4. 

6  a.  m.  to  9.40a.m.. 
0.40a.m.  to  6  p.m.. 


.29.0  6.0120 
,29.0  6.1229 


Latent  heat  of  water 
vapor 

Correction  for  feed, 
water,  excreta,  ana 
vessels 


Total  heat. 


.0006  0..'i915 
.0008  .'5.3752 
.0006  .').2806; 


3,992.89 
1,212.91 

+8.00 


.0008 
.0006 
.0004 
.0008 


.5.57681 
.S.8066 
6.9169 
5.2175 


38.00  i.oa-Q 
76.  .w,  i.oa» 

5.0a  1.00B6 

351. ')0  1.0036 

,M.00  1.0034, 

41.00  1.0030, 

220.  .'iO  i.ooiir 


.30!. 
.40! 
.30. 

.40; 

.30. 


.40 


251.28 
01,  412.67 
36.50 
.04  1,967.26 
...I  297.14 
...'  284.44 
.03  1,1,54.69 


4,393.UK 
1,139.76 

-11.41 


10.9675  4.9546 
11.2345  5.1116 


5,522.33 


.Wm.  4.ftV>4 
.0008!  5.1124 


279.00 
602.00 


i.oo:j7 

1.0031 


.40 
.40 


.04    1,387.63 
.08   3,087.13 


4,474.76 
1,116.73 


+  14.07 

5.8a5..'J6 


Digitized  by  V3OOQ IC 
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1 

1 

Period. 

1 

1 

Average  temperature  of  water 
current. 

1 

1 

< 

Heat  pro- 
duced in 
absorbers. 

Total 

heat, 

calories 

at  20*. 

1 

1 

« 

it 

Hi 

It 

s 

PXBIOD  Ila  . 

6  p.  m.  to  7.23  p.  m 

7.23  p.  m.  to  2.36  a.  m . . 
2.36  a.  m.  to  3.04  a.m.. 
3.04  a.  m.  to  5.01  a.  m . . 
5.01  a.  m.  to  6  a.  m 

28.0 
29.0 
28.0 
27.0 
29.0 

5.0676 
4.1681 
3.9163 
4.5355 
3.4421 

12.4276 
9.6580 
9.6438 

12. 4741 
9.3100 

7.3800 
5.4899 
5.7275 
7.9388 
5.8679 

+0.0006 
.0006 
.0006 

.0004 
.0008 

7.3606 
5.4007 
5.7281 
7.9390 
5.8687 

LUert. 
67.50 
517.50 
26.00 
«2.00 
73.00 

1.0037 
1.0046 
1.0044 
1.0038 
1.0040 

Cm. 

0.30 
.40 
.30 
.20 
.40 

'  0.07 

■'.'6i 

498.68 
2,854.44 
149-58 
494.00 
430.50 

Latent  heat  of  water 
vapor 

• 

1 

4,427.29 
1,343.90 

-^.28 

Correction    for    feed, 
water,  excreta,  and 
veeeels 

, 

1 

1 '   '       1 

Total  heat 

•      1 

, 

5,765.91 



,_ 





Subperiodi 

6  a.  m.  to  9.41  a.  m 

9.41  a.m.  to  12.40  p.m.. 
12.46  p.m.  to  2.46  p.m. 
2.46  p.  m.  to  4.29  p.m.. 
4.20  p.  m.  to  6  p.  m 

29.0 
27.0 
20.0 
27.0 
29.0 

3.2408 
4.1857 
S.5490 
4.8046 
3.0145 

8.4346 
11.9750 

9.6357 
12.9609 

9.8682 

5.1848 
7.7893 
6.0867 
8.1623 
5.0537 

.0006  5.1856 
.0004   7.7897 
.0006  6.0675 
.0004   8.1627 
.0006  5.9545 

277.00 
102.00 
140.00 
50.50 
105.83 

1.0052 
1.0040 
1.0048 
1.0037 
1.0046 

.40|      .03 
;40i"   ".02 

'.4o|    '.6i 

1,443.85 
707-73 
856.32 
413.  74 
633.05 

Latent  heat  of  water 
vapor 

1 

4,144.69 
1,418.15 

Correction    for    fbed, 
water,  excreta,  and 
vessels 

1 

i 

1           1 

+  76.44 

Total  heat 

1 

5,639.28 

1  6.0474 
^  7.9214 
7.0640 
6.2669 
6. 1443 
8.6373 
.  5.8210 

.0008 
.0004 
.0006 
.0008 
.0006 
.0004 
.0008 

..  , 

SubperiodS. 

6  p.  m.  to  8.55  p.  m 

8.55  p.  m.  to  9.23  p.  m. . 
9.23  p.  m.  to  10.42  p.  m. 
10.42  p.m.  to  2.06  a.m.. 
2.05  a.  m.  to  2.35  a.  m. .. 
2.35  a.  m.  to  4.33  a.  m. . . 
4.33  a.m.  to6a.  m 

29.0 
27.0 
28.0 
29.0 
28.0 
27.0 
290 

3.8551 
4.6557 
4.1560 
3.  .5025 
3.8671 
4.6323 
3. 4147 

9.9025 
12.5771 
11.2200 

9.7694 
10.0114 
13.2096 

9.2357 

6.0482 
7.9218 
7.0646 
6.26VV 
6.1449 
8.6377 
5.8218 

198.00 
12.00 
60.00 

230.00 
26.00 
61.00 

108.75 

1.0046       .40 
1.0038,      .20 
1.0042       .30 
1.0048       .40 
1.0046       .30 
1.00371       .20 
l.OOSOl       .40 

•02 
"".03 

""'.*6i 

1,203.03 
95.42 
425.66 

1,448.46 
160.50 
528.85 
636.28 

Latent  heat  of  water 
vapor 

4,498.20 
1,407.70 

Correction    for    feed, 
water,  excreta,  and 
vessels 

-3.94 

Total  heat 

5,901.96 



' 



Subperiod  4. 

6  a.  m.  to  8.12  a.  m 

8.12  a.  m.  to  9.48  a.  m. . . 

9.48  a.  m.  to  10.33  a.m.. 
10.33  a.m.  to  10.36  a.m. 
10J6 a.m.  to  1.07 p.m.. 
1.07  p.  m.  to  1.42  p.  m.. 
1.42  p.  m.  to  2.49  p.  m. . 

2.49  p.m.  to6p.  m 

29.0 
27.0 
28.0 
27.0 
29.0 
27.0 
28.0 
29.0 

.3.4053 
4.7396 
4.0182 
4.3700 
3. 7216 
5.1844 
4.7962 
4.8045 

8.9379   .').5326       .0006 
13.1496   8.4100       .0004 
10.9500,  6.9318       .0006 
U.9800|  7.6100       .0004 

9.6248   5.9032       .0008 
12.5688   7.3844       .0004 
11.0456  6.2494       .0006 

9.9883  5.1838       .0006 
1              1 

5.5334 
8.4104 
6.9324 
7.6104 
5.9040 
7.3848 
6.2500 
5.1846 

160.00 

46.00 

34.00 

1.00 

177.75 
17.25 
56.00 

239.00 

1.0050 
1.0037 
1.0043 
1.0040 
1.0047 
1.0037 
1.0040 
1.0043 

.40 
.20 

•S 
.20 

.40 

.20 

.30 

.40 

.02 
'.'Q2 

■■."63 

880.75 

388.31 

236.72 

7.64 

1,054.01 
127.86 
351.40 

1,244.42 

Latent  heat  of  water 
vapor 

_._L.  _  _ 

' 

4,300.11 
1,396.04 

Correction    for    feed.  1       1 
water,  excreta,  and  ! 
vessels...               .    ' 

+25.76 

Total  heat 

1 1 

6,721.91 

1 

Digitized  by  VjOOQ IC 
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^     t       Avenge  temperature  of  water 
,5     1                        current. 

0 

2| 

Heat  pro- 
duoecf  in 
absorbers. 

Period. 

>l;    .  i  1 

g 

og       1    «« 

1 

<i^  gj      *i          heat, 
^3      g  .    calories 
gg     "3^     at20^ 

Q'5  ;  S 

( 

3i 

Ingoing 
Outoon 

1 

Correct 
for    p 
sure. 

Correct 
diflerei 

< 

PIRIOD  Ilia. 

Svbperiodl. 

1 

"C. 

*C. 

•c. 

•c.      •c. 

Liiert. 

Cm, 

cal. 

6 p.  m.  to  8.57  p.  m. j29.0 

?J>7  p.  m.  to  9.23  p.m..  28. 0 

&  428411.  4346 

50062 

+0.0008  50070 

215  00 

1.0035 

0.40 

0.03 

1,080.24 

6.320012.2583   59383 

.0006   59389 

21.00 

1.0034 

..10 

125.  14 

9  23  p.  m.  to  936  p.m..  27. 0 

6.640013.1300'  a  4900 

.00G4   6.4904 

5  50 

1.0029 

.20 

.40;       .04 

35  80 

9J6  p.  m.  to  2.58  a.  m . .  .29. 0 

5fi846ll.3675   5  6829 

.0008    56837 

351.50 

i.oo:i7 

2.00.5.17 

2-a  a.  m.  to  4.24  a.  m  .  .  27. 0,  6.  llfift  13, 7538J  7.  fiSeO 

.0004    7.6373 

47.00 

'.002H 

.20* 

.350.95 

4J>4  a.m.  to  4.55  a.m..  28.0   &  7100  12. 29871  6.5887 

.0006   65893 

2a  00 

i.oa't.5 

.30' 

171.92 

4-S5a.  ra.  to  4.58  a.  m .  .  27. 0 

&  7000  12.  20001  6. 600O 

.0004   a50O4 

1.50 

1.003.5 

.20, 

9.78 

USa.  m.  to6a.  m 

29.0 

&  2827  10. 6780 

53953 

.0008   53961 

75  50 

1.0040 

.4q|       .01 

409.02 

4.197.02 

Utent  heat  of  water 

vapor ' 

' 

1 

1.390.98 

rorrwiion     for     feed.  ] 

water,  excreta,   and 

vessels                 

—.98 

Total  heat j.... 

5,586.97 

SnhperiodS. 

■  ^ 



<Sa.in.  to8.31  a.  m 

29.0 

4.168410.6034 

52581 

.0008   52689 

178.00 

1.0040 

.40 

.02 

989.80 

«-31a.  m.  to9.16a.  m..|27.0 

6.520813.7476 

4.2267 

.0004   4.2271 

22.00 

1.0030 

.20 

93.27 

9  lii  a.  m.  to  10.10  a.  m  .|27. 5  a  2800 13.  5908 

7.3108 

.0006   7.3113 

34.50 

1.0031 

.25 

253.02 

10.10  a.m.  to  11. 46  a.m. |20.0  5.440811.2941 

6.8633 

.0008   58641 

110.60 

1.0038 

.40 

.6i 

649.32 

11.46a.mtol2.06p.ra..;27.0  ft.  1020  13.  4140 

7.3120 

.0004!  7.3124 

10.00 

1.0032 

.20 

73..^5 

12  W  p.  m.  to  12.32  p.  m .  27. 51  ft.  0886 13. 371 4 

7.2828 

.0005   7.2833 

17.00 

1.0032 

.25: 

124. 21 

l2J2p.in.  to  1.31  p.m.. 

27.0!  6.  452114. 2535 

7.8014 

.0004   7.8018 

28.00 

1.0030 

.'iOl 

219. 10 

\3\  p.  m.  to  2.27  p.  m . . 

27.5 

6.2457 

13. 1750 

69293 

.0005   a9298 

38,00 

1.0031 

.25 

264.14 

2^p.  ni.to5.46p.  m.. 

29.0 

5  9192 

11.4074 

5.4882 

.0008   5  4890 

230.50 

1.0036 

.40 

.29 

1, 269.  47 

5.*>p,  m.  to  6p.  m 

27.0 

6.4500 

12.6867 

a  1367 

.0004;  a  1371 

7.50 

1.0032 

.20 

46.17. 

3,981.85 

Ulent  heat  of  water 

vapor . .             

1,351.83 

Correction     for      feed 

water,  excreta,   and 

v^sels               

+39  23 

Total  heat 

5,  ,322. 91 

SvJbpeHod  5. 

^^^^^^ 

== 

"      ~ 

1 



" 

6p.  m.  to7.46p.  m 

"«p.  m.  to8.23p.  m.. 

29.0 

6.0941 

11.6382 

5  5441 

.0008   5  5449 

119.00 

1.0036 

.40 

.01 

W2.20 

27.0 

6  0267  13. 5767 

a  9500 

.0004,  a  9604 

20.  .50 

1.0030 

.20 

142.  91 

8:23  p.  m.  to  9.30  p.m.. 

27.5 

a  4292  13.  2823 

a  8531 

.0005   a  8536 

41.50 

1.0031 

.25! 

284.  .30 

9^p.  ra.  to9.54p.  m.. 
9^p.  m.  to  10.24  p.m. 

29.0 

6.0600^11.6722 

5.6122 

.0008   5  6130 

39.00 

i.oa3<i 

.40 

.01 

219. 6,S 

30. 0 

5  856210.6737 

4.8175) 

.0010    4.8185 

47.O0I 

i.oorw 

..50 

.01 

227.  .^2 

10.24  p.m.  to  11.22  p.m. 

27.5 

6«ie313.69S0 

7.2257 

.0005   7.2262 

33.001   1.00.10 

.25 

239. 17 

11.22  p.  m.  to  11.58  p.  m.  ;28. 0 

6  0555  12. 9766 

6  9211 

.0006   a  9217 

27.00I  1.0aT3 

..30 

1S7.  .50 

11.58  p.  m.  to  12.22  a.m. 

29.0 

5  5767111.6950   a  1181 

.0008   a  1191 

29.00    1.0037 

.40 

17H.  1 1 

12.22  a.  m.  to  12.25  a.  m . 

30.0 

55000,11.2200   5720C 

.0010   5  7210 

2.  .50  i.oa^*^ 

.50 

14.3.5 

12.25  a.m.  to  2.09  a.m.. 

27.5 

5  8604  13.67311  7.8127 

.OOa'i   7.8132 

62.50  i.na-G 

.25 

4m.  ^ 

2^a.m.  to 2.18a.m.. 

29.0 

5  230012.1500]  a  9200 

.0008    a  9208 

10.00  i.nai; 

.40 

<iO.  4<i 

2 18  a.  m.  to  3.04  a.  m . . 

30.0 

4.68.5010.0817    5  3967 

.0010   5  3977 

67.00    1.0043 

..50       .01 

3r-.3.  19 

3X>4a.  m.  to4.59a.m.. 

27.5 

50235,12.5080   7.4854 

.0005  7.4859 

75  00    1.00.37 

.2.5 

.5«V3.  .52 

4  5»  a.  m.  to  5.34  a.  m . . 

30.0 

4.170010.0089   5  8389 

.0010   5  8399 

4a  00    1.0045 

.  .50       .01 

2«i9.  H.3 

5-34a.  m.  to  5.44a.  m.. 

29.0 

4.1950,10.1000,  5  9050 

.0008   5  9058 

10.  .50    1.004.5 

.40 

<i2.  2-.» 

5.^a.  m.  to6a.  m 

27.0 

4-8325J12.4875J  7.6550 

.0004   7.6554 

7.25    1.0a38 

.20 

1:1::: 

.5.5.  71 

1 

4,029.42 

Utont  heat  of  water 

1 

vapor 

1 

1,294.10 

Correction    for    feed, 
water,  excreta,  and 

1 

1 

1 

vessels 



+  .96 

V 

Total  heat 

•  •  V  • '  •  '^'" 





5, 234.  48 

Digitized  by  V3OOQ IC 
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. 

1 

Average  temperature  of  water 
current. 

0 
»  8 

Heat  pro- 
duced In 
absorbers. 

Total 
calories 

Period. 

ti 

1 

s 

p. 

•0   . 
0  ft 

i 

> 

0  ^ 

»  5 

4» 

*» 

bp 

B 

fl 

0  i 

^ 

g  s 

"j^i 

at20<'. 

01 

'I 

1 

1 

pi 

0  g 

3 

f| 

l| 

II 

p< 

s 

^ 

ft 

S-o 

5 

< 

S'S 

^ 

Pekiod  Ilia— Cont'd. 

Subpaiod  4. 

^C. 

•a 

'»C. 

«C. 

•c. 

Litert, 

Cm. 

CaX. 

6  a,  m.  to  7.16  a.  m 

29.0 

4. 1684 10. 7689 

6.6006 

0.0008   6.0013 

82.  OQ 

1.004^ 

0.40 

0.01 

543.62 

7.16 a.m.  to 9.30a.m.. 

28.C 

4.560012.0151 

7.4651 

.0006  7.4657 

102.00 

1.0039 

.30 

.01 

764.46 

9.30  a.  in.  to  10.07  a.  m  . 

27.  C 

5i  37001 13. 8244 

8.4644 

.0004 

&4648 

16.00 

1.0034 

.20 

136.73 

10.07  a.  ni.  to  10.46  a.  m. 

27.5 

5.1550113.3670 

8.2020 

.0006  &2025 

23.00 

1.0032 

.25 

180. 2<i 

10.4'Va.in.toll.36tt.ra. 

27.  C 

5.620814.0777 

a5660 

.0004 

8.6573 

23.00 

1.0033 

.20 

197.4(1 

ll.»i  a-  m.  to  12.22  p. m  .  28. 0 

4.9227:13.1027 

8.1800 

.0006  8.180(> 

33.00 

1.0036 

:2 

270.93 

12.22  p.  m.  to  1.37  p.  m . 

29.0, 

4. 682()  11. 8168 

7.1332 

.0008    7.1340 

68.00 

1.0040 

.01 

487.04 

l.37p.  m.  to  1.58  p.m.. 

27.0 

5.4100,13.4140 

&0040 

.0004 

&0044 

7.96 

1.0084 

.20 

62.24 

1.58  p.  m.  to3.S6p.  m.. 

27.5 

5.8213,13.9290 

8.1077 

.0005 

8.1082 

61.26 

1.0032 

.25 

496.21 

3.S6p.  m.  to6.27p.  m.. 

29.0 

6.219611.3546 

6.1350 

.0008 

6.1358 

96.00 

1.0039 

.40 

.01 

591.32 

5.27  p.  m.  to  6  p.  m 

28.5 

6.4100 

11. 7100 

&3000 

.0007 

6.3007 

28.76 

1.0037 

.35 

181.81 

3,922.08 

Latent  heat  of  water 

vapor 

1 

1,399.81 

Correction    for    feed, 

water,  excreta,  and 

vesaels 

+29.07 

' 



Total  heat 

5,350.9G 

Pebiod  16. 

Subperiodl. 

6  p.  m.  to  6.23  p.  m 

6.23  p.  m.  to  12.11  a.  m . 

45.0 

3.1883 

4.2750 

1.0867 

+0.0162 

1.1029 

148.00 

L0064 

9.15 

.43 

163.84 

47.0 

2.840t) 

3.9274 

1.0868 

.0196 

1.1064 

2,236.00 

1.0067 

10.25 

7.27 

2,492.75 

12.11  a.m.  to  1.14  a.m. 

49.  C 

2.8613 

3.9106 

1.0403 

.0230 

1.0723 

41&00 

1.0067 

11.25 

1.48 

447.58 

1.14  a.  m.  to6.a.  m 

51.0 

2.8275 

3.8159 

.9884 

.0266 

1.0160 

1,969.00 

1.0062 

12.26 

7.60 

2,003.33 

6,107.60 

Latent  hoat  of  water 

vapor 

735.76 

Correction     for    feed, 
water,  excreta,  and 

1 

veasels 

1 

_    . 

-15.27 

Total  heat 

6,827.90 

Subperiod  i. 

1 

6  a.  m.  to  6.20  a.  m 

51.01 

130.00 
114.00 
298.00 

6.20  a.  m.  to  8.28  a.  m . . 

85.0 
50.0 

":  "'• 1. .::::::: 

8.28  a.  m.  to  9.10  a.  m . . 

6.2910 

7.0260 

.7360 

.0248 

.7598 

1.0046 

11.75 

1.09 

226.37 

9.10  a.  m.  to  9.28  a.  m.. 

42.( 

a640C 

7.662C 

1.0220 

.0122,  1.0342 

88.00 

1.0043 

7.00 

.2C 

91.20 

9.28  a.  m.  to  11.37  a.  m  . 

38.( 

4.280C 

5.9606 

1.6806 

.0074!  1.688C 

470.00 

1.0055 

4-00 

.ec 

792.12 

11.37  a.  nL  to  12.21  p.m. 

42.  ( 

3.381J 

4.829C 

1.4472 

.0122:  1.4694 

200.00 

1.0061 

7.00 

.44 

293.22 

12.21  p.  m.  to  1.46  p.  m . 

38.( 

4.0405 

6.833,' 

1.7928 

.0074'  1.8002 

1    300.00 

1.006e 

4.00 

.3« 

,      642.70 

1.46  p.  m.  to  3.25  p.  m. . 

39.  ( 

2.5662 

4.928H 

2.3632 

.0086   2.371S 

300.00 

1.0064 

4.75 

.45 

715.64 

3.25p.  ra.  to  4p.  m 

4a( 

2.2245 

4.7922 

2.6677 

.0098  2.5776 

100.00 

L0066 

5.60 

.18 

280.27 

4  p.m.  to  4.18  p.  m 

4.18p.m.  to  4.28 p.m.. 

41.01  2.2325 

4.8800 

2.6475 

.0110  2.6685 

44.00 

1.0066 

6.30 

.0£ 

1      117. 66 

43.0   1.965( 

4.6700 

2.706C 

.01.34   2.7184 

32.00 

1.0067 

7.76 

.08 

87.40 

4.28  p.  m.  to  4.43  p.  m . . 

46.0   1.7625 

4.4626 

2.700C 

.0162 

2.7162 

36.00 

L006J 

9.15 

.IC 

95.61 

4.43  p.  m.  to  6  p.  m 

48.0  2.0400 

4.7178 

2.6779 

.0213 

2.6092 

200.25 

1.0066 

10.76 

.68 

643.40 

3,764.67 

Latent  heat  of  water 

vapor 

826.05 

Correction    for    feed. 

water,  excreta,  and 

vessels 

-19.09 

Total  heat 

1 

4,571.63 

Subperiod  S. 

1 

1 

6p.m  to  5.02  a.  m 

5.02  a.  ra.  to  5.46  a.  m . . 

48.0!  2.8490   4.2419'  1.3929 

.0213 

1.4142 

3,320.00 

1.0065 

10.75 

11.43 

4.714.23 

50.0,  2.6891    4.1482   1.4501 

.024f 

1.483$ 

232.  OC 

1.0066 

11.76 

.85 

345.69 

5.46  a.m.  to  6.  a.m.... 

49.0  2.1633  3.5967   1.4334 

.02661  L4600 

68.00 

1.OO70 

11.25 

.24 

99.73 

1 

1 

1 

1 

1 

1  5,159.65 
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60  THE  AVAILABLE   ENEBGY   OF   RED   CLOVER   HAT. 

Table  XI. — Heat  measurements — Continued. 


^ 

Average  temperature  of  water 

Heat  pro- 

1 

current. 

ftB 

absorbers. 

Total 

Period. 

11 

1 

« 

li 

1 

O  C 

1. 

heat, 
calories 

OS 
o 

PES 

M 

1 

OS 

IS 

1 

< 

II 

at20*». 

Period  116— Cont'd. 

Subperiod  3. 

. 

"C 

«C 

<»C 

•c 

<»C 

lAUrt. 

Cm. 

Col. 

6  p.  m.  to  7.59  p.  m 

7.59  p.  m.  to  10.38  p.  m . 
10.38p.  m.  to  10.56  p.  in. 

37.  C 

2.5843 

4.2926 

1.7083 

0.0062 

L7145 

472.00 

1.0066 

3.50 

0.52 

814. 07 

34.  G 

2.5803 

4.4635 

1.8832 

.0032 

1.8864 

454.00 

L0065 

2.0C 

.29 

861.70 

37.0 

2.4100 

4.1220 

L7120 

.0062 

1.7182 

74.00 

1.0009 

3.5C 

.06 

127.94 

10.56  p.m.  to  11.07  p.m. 

39.0 

2.3650 

3.9200 

1.5550 

.0086 

1.5636 

55.00 

1.0068 

4.75 

.08 

86.  50 

11.07  p.m.  to  11.42  p.m. 

41.0 

2.3478 

3.7645 

1.4167 

.0110 

1.4277 

189.00 

1.0069 

6.30 

.38 

271.32 

11.42  p.m.  to  12.42  a.m. 

34.0 

2. 4747 

4.4027 

1.9280 

.0032 

1.9312 

184.00 

1.0066 

2.00 

.12 

357.57 

12.42  a.m.  to  1.51  a.m.. 

32.0 

2.4647 

4.8665 

2. 4018 

.0020 

2.4038 

158.00 

1.0065 

LOO 

.05 

382.22 

1.51  a.m.  to  2.02  a.m... 

37.0 

2.2533 

4.3900 

2.1367 

.0062 

2.1429 

23.00 

1.0067 

3.50 

.03 

49.  .59 

2.02  a.  m.  to  2.48  a.  m  . . 

2.00 
89.00 

2.48  a.m.  to  3.16  a.m... 

37.0 

.     ... 
3.?729 

6.2943 

3.62i4 

.0062 

3.0276 

1.0058 

3.50 

.10 

270.  92 

3.16  a.  m.  to  3.34  a.  m. . . 

38.  C 

3.0420!  5.2260 

2.1840 

.0074 

2. 1914 

62.00 

1.0062 

4.00 

.08 

136.63 

3.34  a.m.  to  6.17  a.m... 

40.  C 

2.6096 

3.9588 

1.3492 

.0098 

1.3590 

638.00 

1.0067 

5.60 

.96 

735.08 

5.17  a.m.  to6a.  m 

42.0 

2.3820 

3.7540 

1.3720 

.0122 

1.3842 

240.00 

1.0068 

7.00 

.53 

333.94 

. 

4,427.48 

Latent  heat  of  water 

vapor 

1,058.32 

Correction    for    feed. 

water,  excreta,  and 

vessels 

-25.  61 



Total  heat 

5,460.19 

Subperiodl 

^ 

' 

- 

6  a.  m.  to  7.10  a.  m 

42.0 

2.3500 

3.7078 

1.3578 

.0122 

1.3700 

409.00 

1.0069 

7.00 

.91 

563.29 

7.10  a.  m.  to  8.11  a.  m  . . 

40.  C 

2.4373 

3.8406 

1.4033 

.0096 

1. 4131 

306.00 

1.0068 

5.60 

.55 

434.80 

8.11  a.  m.  to  8.50  a.  m  . . 

38.  C 

2.5150 

4.0800 

1.5650 

.0074 

1.5724 

207.00 

1.0067 

4.00 

.26 

327.41 

8.59  a.  m.  to  9.16  a.  m  . . 

33.  C 

2.6275 

4.6525 

2.0250 

.0024 

2.0274 

35.00 

1.006.5 

L50 

.02 

71.40 

9.16  a.  m.  to  10.26  a.  m  . 

32.0 

2. 7522 

5.0372 

2.-2850 

.0020 

2.2870 

166.50 

1.0063 

1.00 

.53 

382.65 

10.26 a. m.  to  1.24 p.m.. 

37.  C 

2.6136 

4.3141 

1.7005 

.0062 

1.7067 

700.50 

L0066 

3.50 

.78 

1,202.65 

1.24  p.  m.  to  1.26  p.  m . . 

35.0 

2.8500 

4.3900 

1.5400 

.0040 

1.5440 

6.00 

1.0065 

2.50 

9.32 

1.26  p.  m.  to  2.20  p.  m. . 

31.0 

3.1177 

5.6615 

2.5438 

.0012 

2.5450 

98.00 

1.0056 

.75 

.02 

250.79 

2.20p.m.  to 2.40 p.m.. 

37.0 

2.8380 

4.6020 

1.7640 

.0062 

1.7702 

78.00 

1.0064 

3.50 

.09 

138.87 

2.40  p.  m.  to  2.53  p.  m . . 

39.0 

2.8075 

4.2975 

1.4900 

.0086 

1.4986 

64.00 

1.0065 

4.75 

.10 

96.43 

2.53  p.  m.  to  6  p.  m 

41.0 

2.7161 

3.9972 

1.2811 

.0110 

1.29211,003.75 

1.0066 

6.30 

2.00 

1.303.50 

4,781.11 

Latent  heat  of  water 

vapor 



1,049.46 

Correction    for    feed, 
water,  excreta,  and 

vessels 

—42.09 

Total  heat 

5,788.48 



Period  1 1 16. 

Subperiod  1. 

6p.nv  to  10.27 p.m.... 
10.27  p.  m.  to  10.45  p.  m. 

15.0 

2.4247 

4.81QJ 

2.3554 

-f  0.0040 

2.3894 

762.50 

1.0065 

2.50 

.60 

1,833.76 

33.  C 

2.  .5340 

4.8140 

2.2800 

.0024 

2.2824 

43.50 

1.0065 

1..50 

.02 

99.91 

10.46  p.  m.  to  12.21  a.  m. 

30.  C 

2.9704 

6.4647 

3. 4943 

.0010 

3.4953 

135.00 

1.0a58 

..50 

.02 

474.58 

12.21a.  m.  to  12.38  a.m. 

3.5.0 

2.6.560 

.5.2800 

2.6240 

.0040 

2.6280 

46.00 

1.0063 

2.  .50 

.04 

121.61 

12.38  a.m.  to  2.05  a.m.. 

37.0 

2.  .5641 

4. 7613 

2. 1972 

.0062 

2.2034 

284.00 

1.006.5 

3.  .50 

.32 

629.  .51 

2.a5  a.  m.  to  3.31  a.  m. . . 

32.0 

2.6633 

5. 2290 

2.56.57 

.0020 

2.5677 

177.00 

1.0063 

1.00 

.06 

457.29 

3.31  a.m.  to  4.18  a.m... 

3.5.  C 

2.302.5 

4.77.58 

2. 473:? 

.0040 

2.4773 

139.00 

1.0066 

2.  .50 

.11 

346.51 

4 JL8  a.  m.  to  6  a.  m 

36.0 

2. 1496 

4.  ,3460 

2.1964 

.Oa50 

2.2014 

315.34 

1.0067 

3.00 

.30 

696.54 

4.661.11 

Latent  heat  of  water 

vapor 

1.039.  .S3 

Correction    for    f«Kl. 



water    excreta,  and 

vessels 

-  17.80 

Total  heat 

5,683.14 

r= 

== 
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^ 
1 

Average  temperature  of  water 
current. 

Heat  pro- 
duced in 
absorbers. 

>l 

i 

> 
< 

Total 

heat, 

calories 

Period. 

1 

li 

9  6 

o  3 

1 

■M 

at 
» 

1 

S 

Correct 
for    p 
sure. 

I 

S-s 

s 

at20». 

Period  11  Ife— Cont'd. 

Suirperiodi. 

«C. 

«C. 

«C. 

«C. 

•c. 

Liters. 

Cm.  1  Cat. 

6  a.  m.  to  10.33  a.  m |36.0 

2.4933 

4.5211    2.0278 

0.00501 

2.0328 

839.00   1.0066 

3.00     0.80   1,715.98 

10.33  a.  m.  to  11.34 a.  m.  31.0 

3.0787 

5.7440  2.6653 

.0012 

2.6665 

106.00   1.0060 

.75       .03       284.32 

11.34  a.  m.  to  12.25  p.  m.  30  0 

3.1423 

6.2508  3.1085 

.0010' 

3.1095 

76.00   1.0058 

.50       .01       237.68 

12JK  p.  m.  to  12.33  p.  m.  29. 0 

3.22.W 

6.7150  3.4900 

.0008 

3.4908 

8.50    1.0057 

.40 

29.84 

12.33  p.  in.tol.47  p.m. .34.0 

2.7544 

5.1600   2.4056 

.0032 

2.4088 

190.50    1.0063 

2.00       .12 

461.65 

l.47p.m.  to  1.54  p.m..  33.0 

2.7450 

4.9400  2.1050 

.0024 

2.1974 

16.00   1.0063 

1.50 

35.38 

I  .>4  p.  m.  to  2.44  p.  m . .  29. 0 

3.1108 

6.8450  3.7342 

.0008 

3.7350 

57.50,  I  0067 

.40 

215.99 

2.44  p.  m.  to  6  p.  m 

33.0 

2.7171 

5.4371   2. 7200 

1 

.0024 

2.7224 

458.50   1.0062 

1..%^       .22 

1,255.74 

1 

1 

4,236.58 

Latent  heat   of  water 

_ 

vapor 

960.73 

Correction    for    feed, 

' 

water,  excreta,  and 

vessels 

-82.25 

ToUlheat 

' 

" 

5,115.06 

SuhperiodS. 

6  p.  m.  to  8.07  p.  m 

8.07 p.m. to 9. 30 p. m  .. 
9.30  p.  m.  to  9.36  p.  m  . . 







33.0 
29.0 
33.0 

2.7800 
3.2067 
2.8800 
2.7743 
2.8249 
3.2100 
3.0925 
2.8613 
2.6382 
2.4400 
2.7725 
2.0300 

5.5312 
7.3129 
6.1000 
5.3029 
4.9000 
5.9000 
5.4850 
5.0451 
5.3873 
5.9600 
7.7125 
5.2225 

2.7503 
4.1062 
3.2200 
2.5286 
2.0751 
2.6900 
2.3925 
2.1838 
2.7491 
3.5200 
4.9400 
3.1925 

.0024 
.0008 
.0024 
.0040 
.0062 
.0020 
.0040 
.0062 
.0020 
.0010 
.0006 
.0040 

2.7527 
4.1070 
3.2224 
2.5326 
2.0813 
2.6920 
2.306.5 
2.1900 
2. 7510 
3.5210 
4.9406 
3.196.5 

293.00 
95.50 
11.50 
73.  .W 

663.00 

178.50 
47.50 
90.00 

169.  .50 

7.00 

23.00 

43.2.5 

1.0062 
1.0055 
1.0060 
1.0062 
1.0063 
1.0059 
1.0061 
1.0063 
1.0063 
1.0062 
1.0056 
1.0065 

1 

1 
1.50 
.40 
1  50;.. 

.14 
.01 

811.40 
394.36 
37.28 

9.36  p.  m.  to  10.02  p.m.. 
10.02  p.  m.  to  1.25  a.  m. . 
1.25  a.  m.  to  2.58  a.  m. . . 
2.58 a.m. to 3.14  a.m... 
3.14a.m.  to 3.47 a.m... 
3.47a.m.  to 5.14 a.m... 
5.14  a.  m.  to  5.27  a.  m . . . 
5.27  a.  m.  to  5.44  a.  m. . . 
5.44  a.  m.  to  6  a.  m 

35.0 
37.0 
32.0 
35.0 
37.0 
32.0 
30.0 
28.0 
35.0 

2.  .50 

3.  .50 
1.00 

2.  .50 

3.  .50 

1.00; 

.50.. 
.30.. 
2.50 

.06 
.74 
.06 
.04 
.10 
.05 

.03 

187.24 
1,387.8.5 
483.30 
114.48 
198.24 
409.18 
24.80 
114.27 
139.12 

Latent  heat  of  water 
vapor 

'                             t              1                1 

4.361.52 
1.002.44 

Correction     for    feed, 
water,  excreta,  and  i 
vessels ' 

■ 

1 

- 18.  H.5 

1 1           

Total  lieat 

1              1              1 

1                                             .'",.  .-145.  1 1 

37.0 
36.0 
29.0 
36.0 
29.0 
36.0 

1.963^ 
2.1700 
3.0169 
2.6065 
2.6600 
2.8551 

' 

Subp€riod4. 

6  a.  m.  to  9.04  a.  m 

9.04  a.  m.  to  9.18  a.  m  . . 
9.18  a.  m.  to  11 J8  a.  m  . 
11.28  a.  m.  to  1. 43  p.  m . . 
1.43  p.  m.  to  1.45  p.  m. . . 
1.45  p.  m.  to  6  p.  m 

4.1650 
4.1975 
7.1572 
4.9512 
5.0900 
5.0764 

2.1911 
2.0275 
4.1403 
2.3447 
2.3700 
2.2213 

.0062 
.0050 
.0008 
.0050 
.0008 
.0050 

2.1973 
2.0325 
4.1411 
2.3497 
2.3708 
2.2263 

575.50 
40.50 
138.00 
392.50 
1.00 
731.50 

1 

1.0060 
1.0068 
1.0056 
1.0064 
1.0064 
1.0063 

3.  .50 
3.00 

.40, 
3.00* 

.40.. 
3.00 

.64 

:^ 

.37 
'.'70 

1,272.63 

82.83 

.574.  a5 

927.79 

2.  .18 

1.638.09 

Latent  heat  of  water 
vapor 

4, 498. 37 
1,096.07 

Correction    for    feed, 
water,  excreta,  and 
vessels . 

1 

-.32. 73 

' 

Total  heat 

5,561.71 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depabtment  of  Agbictjltube, 

BuBEAU  OF  Animal  Industby, 
Washington,  D.  C,  September  26,  1907. 
Sm:  I  have  the  honor  to  tranflmit  herewith  a  paper  entitled  'Txir- 
ther  Experiments  Concerning  the  Production  of  Immunity  from 
Hog  Cholera,"  by  Doctors  M.  Dorset,  C.  N.  McBryde,  and  W.  B. 
Niles,  of  the  Biochemic  Division  of  this  Bureau,  and  to  recommend 
its  pubUcation  as  a  bulletin  in  the  Bureau  series. 

This  paper  embodies  the  records  of  experiments  carried  out  during 
the  seasons  of  1903,  1904,  1905,  and  1906,  this  work  being  a  continua- 
tion of  that  reported  in  Bulletin  72  of  this  Bureau.  The  results 
obtained  show  quite  clearly  that  a  comparatively  certain  method  of 
protecting  hogs  from  hog  cholera  has  been  secured.  The  experiments, 
however,  have  not  as  yet  been  extensive  enough,  nor  have  they  been 
appUed  under  the  varying  conditions  of  practice  to  a  sufficient  extent 
to  warrant  claims  concerning  the  practical  value  of  the  methods 
described  in  this  paper,  though  it  is  strongly  believed  that  they  should 
be  of  great  service  in  combating  hog  cholera  in  this  country. 
Very  respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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FURTHER  EXPERIMENTS  CONCERNING  THE  PRODUC- 
TION OF  IMMUNITY  FROM  HOG  CHOLERA. 


nrrBODucTioH. 

In  a  previous  publication  from  this  Bureau*  it  has  been  shown 
that  the  disease  known  as  hog  cholera,  encountered  in  epizootic  form 
in  Iowa  and  other  parts  of  the  United  States,  is  caused  by  a  filterable 
and  probably  ultramicroscopic  virus  which  exists  in  the  blood  of  sick 
hogs,  and  that  Bacillus  cholerse  suis,  although  present  in  most  cases  of 
hog  cholera,  in  all  likelihood  plays  the  part  of  a  secondary  invader. 
This  modification  of  our  views  regarding  the  etiology  of  hog  cholera 
necessarily  carried  with  it  changes  in  plans  for  combating  the  disease. 

Most  of  the  methods  for  combating  the  disease  which  have  hereto- 
fore been  proposed  were  very  naturally  based  upon  the  general  belief 
that  B.  cholerse  suis  was  the  cause  of  hog  cholera,  and  many  different 
methods  of  preparing  vaccines  and  antitoxic  sera  through  the  use  of 
that  organism  were  devised  and  subjected  to  extensive  laboratory  as 
well  as  practical  tests.  Although  a  certain  degree  of  success  was  appar- 
ently attained  in  some  instances,  none  of  these  methods  have  been 
found  to  act  with  sufficient  reliabihty  to  warrant  their  use  in  practice. 

In  the  case  of  vaccines  prepared  from  cultures  of  B,  cholerse  suis  a 
certain  amount  of  immimity  against  that  organism  may  have  been 
at  times  induced  in  the  treated  hogs,  and  a  similar  result  may  have 
been  secured  by  the  administration  of  antitoxins  prepared  through 
the  use  of  the  same  organism,  for  in  the  earher  publication  above 
referred  to  it  has  been  shown  that  B.  cholerse  suis  usually  invades  the 
body  of  the  hog  after  injection  with  the  filterable  virus,  and,  as 
stated  there,  it  is  reasonable  to  believe  that  the  final  result  of  the 
disease  is  in  many  cases  materially  influenced  by  the  presence  of  that 
organism.  Any  vaccine  or  serum  which  protects  against  B.  choUrse 
suis  would  therefore  be  expected  to  aid  the  body  in  its  struggle 
against  the  twofold  invasion  of  filterable  virus  and  B,  cholerse  suis. 
We  believe  that  the  partial  success  attained  at  times  by  the  use  of 
sera  and  vaccines  prepared  from  B.  cholerse  suis  is  to  be  explained 
upon  this  groimd. 

In  view  of  the  fact,  however,  that  the  filterable  virus  is  the  primary 
invader,  and  that  it  appears  to  be  quite  sufficient  in  itself  to  cause 

«  Bulletin  72,  Bureau  of  Animal  Industry,  U.  S.  Dept.  of  Agriculture. 
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the  death  of  most  hogs,  any  substance  which  protects  only  from  B, 
c7u)lerse  suis  must  necessarily  be  regarded  simply  as  a  palliative,  which, 
in  the  light  of  past  experiences,  is  without  a  value  that  is  in  any  way 
commensurate  with  the  cost  of  applying  it. 

It  thus  seems  evident  that  all  efforts  looking  to  the  prevention  or 
treatment  of  hog  cholera  should  be  directed  primarily  toward  secur- 
ing some  means  of  protecting  the  hog  from  invasion  by  the  filterable 
virus,  or  of  overcoming  that  virus  if  invasion  has  already  taken  place. 

Since  it  was  first  definitely  determined  that  B.  cholers^  suis  is  not 
the  primary  cause  of  hog  cholera  the  work  of  the  Bureau  of  Animal 
Industry  has  been  along  the  lines  just  suggested.  Much  difficulty 
has  been  experienced  in  carrying  out  this  work,  due  in  great  measure 
to  our  inability  to  cultivate  the  filterable  virus  artificially  and  to  the 
fact  that  of  all  animals  exposed  to  this  virus  only  hogs  have  proven 
susceptible.  We  have  thus  been  restricted  to  the  use  of  the  blood 
and  tissues  of  sick  hogs  in  our  attempt  to  secure  a  satisfactory  serum 
or  vaccine. 

As  stated  in  Circular  43  of  this  Bureau,  issued  February  12,  1904, 
"  the  basis  of  the  immimity  experiments,  therefore,  has  been  the  use 
of  attenuated  and  disease-producing  liquid  or  dried  blood,  or  the  use 
of  this  blood  mixed  with  blood  obtained  from  immune  animals,  in 
which  animals  the  immunity  has  been  increased  by  the  injection  of 
large  doses  of  disease-producing  blood  obtained  from  hogs  known  to 
have  the  disease;  or,  in  other  words,  disease-producing  blood  and  anti- 
toxic blood  separate  and  combined  have  been  successfully  used.''  ^ 

The  efforts  to  attenuate  the  virus  in  blood  from  diseased  hogs  by 
drying,  by  heat,  and  by  chemical  agents  have  not  led  to  satisfactory- 
results.  This  appears  to  be  due  in  part  at  least  to  the  unequal 
resistance  of  the  virus  in  different  lots  of  diseased  blood  to  these 
agencies.  At  times  the  protection  afforded  by  diseased  blood 
attenuated  artificially  has  appeared  to  be  complete;  at  others  a 
vaccine  prepared  in  identically  the  same  manner  has  either  caused 
death,  thus  showing  an  entire  lack  of  attenuation,  or  else  the  hogs 
have  shown  no  ill  effects  from  the  vaccination  but  have  succumbed 
promptly  when  exposed  to  hog  cholera,  showing  that  the  supposed 
vaccine  had  no  protective  power  whatever. 

It  may  be  that  later  investigations  will  show  that  it  is  possible  to 
obtain  a  satisfactory  vaccine  for  hog  cholera  by  attenuating  the  virus, 
but  our  own  results  were  so  discouraging  that  efforts  in  this  direction 
were  abandoned  and  our  entire  attention  turned  to  the  production  of 
a  serum  in  the  maimer  hereinafter  described. 

«  Subsequent  to  the  publication  of  Circular  43,  Boxmeyer  and  McClintock  (Journal 
of  Infectious  Diseafies,  vol.  2,  No.  2,  March,  1905),  described  a  few  experiments  along 
these  lines  and  seemed  to  obtain  better  results  by  using  a  combination  of  disease- 
producing  blood  and  immune  serum  than  by  using  an  artificially  attenuated  virus. 
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PBEIIMnrAET  EXPSEnOEHTS. 

The  earlier  experiments,  which  had  for  their  object  the  production 
of  a  serum  which  would  protect  from  the  filterable  virus,  were  not 
wholly  successful,  some  of  them  indeed  resulting  in  almost  complete 
failure;  but  as  these  failures  are  quite  instructive  on  account  of  the 
light  they  throw  upon  the  detaUs  of  producing  the  serum,  it  seems 
desirable  to  describe  them  very  briefly  before  taking  up  the  more 
recent  work. 

As  it  was  known  that  immime  hogs  could  withstand  perfectly 
injections  of  disease-producing  blood**  which  were  more  than  suffi- 
cient to  destroy  nonimmunes,  the  plan  originally  adopted  was  to 
inject  hogs  immune  from  hog  cholera  with  disease-producing  blood 
in  increasing  doses,  the  object  of  this  treatment  being,  of  course,  to 
impart  a  protective  power  to  the  blood  of  the  immune,  previous 
experiments  having  shown  that  blood  from  nonhyperimmunized 
immunes  possessed  very  Uttle  if  any  such  power.  The  records  of  two 
experiments  carried  out  with  serum  from  immune  hog  844  treated  in 
this  manner  are  given  below. 

EXPERIMENTS  OF   1908  AND    1004. 

Immune  hog  844  was  an  adult  animal  weighing  approximately  150 
pounds,  which  had  recovered  from  an  attack  of  hog  cholera.  This 
immime  was  injected  subcutaneously  with  increasing  doses  of 
disease-producing  blood  which  had  been  shown  to  contain  the 
filterable  virus.* 

The  amount  of  disease-producing  blood  injected  was  increased  to 
400  c.  c-  before  blood  was  drawn  from  the  immune. 

The  following  statement  shows  the  dates  and  amounts  of  disease- 
producing  blood  used  for  injection  of  immune  hog  844,^  with  records 
of  blood  drawings: 

July  24,  1903,  1  c.  c.  disease-producing  blood  injected. 
August  4, 1903,  4  c.  c.  disease-producing  blood  injected. 
August  19, 1903, 12  c.  c.  disease-producing  blood  injected. 
September  1,  1903,  30  c.  c.  disease-producing  blood  injected. 
September  26,  1903,  50  c.  c.  disease-producing  blood  injected. 
October  14, 1903,  250  c.  c.  disease-producing  blood  injected. 
October  20, 1903,  250  c.  c.  disease-producing  blood  injected. 
October  29,  1903,  400  c.  c.  disease-producing  blood  injected. 
November  9,  1903,  100  c.  c.  blood  drawn  from  tail. 

«The  term  "disease-producing  blood"  is  applied  in  this  paper  to  blood  from  hogs 
affected  with  hog  cholera,  which  blood  was  shown  to  be  capable  of  causing  the  disease 
when  injected  into  nonimmune  hogs. 

*  See  experiments  with  blood  from  Herd  I,  Bulletin  72,  Bureau  of  Animal  Industry, 
pp.  4^-66. 

c  We  acknowledge  our  indebtedness  to  Dr.  E.  C.  Schroeder,  who  had  these  injections, 
as  well  as  those  described  under  experiments  A  and  B,  made  for  us  at  the  Experiment 
Station  of  this  Bureau  at  Bethesda,  Md. 
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November  19, 1903,  400  c.  c.  disease-producing  blood  injected. 
December  10, 1903,  480  c.  c.  disease-producing  blood  injected. 
January  4, 1904, 150  c.  c.  blood  drawn  from  tail. 
January  5,  1904,  490  c.  c.  disease-producing  blood  injected. 
January  28, 1904,  480  c.  c.  disease-producing  blood  injected. 
February  9, 1904, 185  c.  c.  blood  drawn  from  tail. 

It  is  interesting  to  note  that  even  the  largest  doses  of  disease- 
producing  blood  did  not  seriously  disturb  the  general  health  of  the 
immune,  the  only  ill  eflFects  noted  after  the  injection  of  the  blood 
being  swelling  at  the  point  of  injection  and  occasionally  a  temporary 
loss  of  appetite. 

Two  experiments  to  test  the  protective  value  of  the  blood  drawn 
from  hog  844  were  carried  out. 
Table  1. — Experiment  A  with  blood  dravm  November  9,  1903,  from  immune  hog  844* 


No.  of 

Material  injected. 

Inoculation. 

Exposure. 

hog. 

Date. 

Result. 

Date. 

Result. 

1002.... 
1004.... 
1008 

20c.c.defibriiiatedbloodof  hog  844, 

subcutaneously. 
20  c.  c.  defibrinated  blood  of  hog  844+ 

1  c.  c.  disease-producing  blood. 
Ic.c.diseaae-nroducincr  blood 

Nov.  11, 1003 

do 

..do 

Remained 

weU. 
do.... 

Dec.  18,1903 
do 

Died;  hog 
cholera. 

Remained 
weU. 

Table  2. — Experment  B  with  blood  drawn  February  9,  1904,  from  immune  hog  844- 


No.  of 

Material  injected. 

Inoculation. 

Exposure. 

hog. 

Date. 

Result. 

Date.        {    Result. 

1086.... 
1087 

20  c.  c.  blood  of  hog  844+1  c.  c.  disease- 
producing  blood. 
....do 

Feb.  11,1904 
do 

Remained 

weU. 
do 

Mar.  11,1904 
do 

Died;  hog 

cholera. 

Remained 

1068 

...do 

do 

do 

do 

well. 
Sick;  r^ 

1060 

.  ...do 

do 

do 

do 

covered. 

Died;  hog 

cholera. 

1000 

1  c.  c.  disease-producing  blood  alone ... 

do 

Died;  hog 

cholera. 

do 

1001. 

do 

do 

Experiment  A, — By  referring  to  Table  1  it  will  be  seen  that  only- 
three  hogs  were  used  in  this  experiment.  Of  these,  after  injection, 
the  one  that  received  only  immune  blood  remained  well;  the  one 
which  received  both  immune  blood  and  disease-producing  blood 
also  remained  well,  while  the  third  animal  which  received  only  dis- 
ease-producing blood  died  of  hog  cholera.  When  the  two  surviving 
hogs  were  injected  approximately  thirty  days  later  with  disease- 
producing  blood  to  test  their  immunity  the  one  which  had  been 
treated  previously  with  immune  blood  alone  died,  while  the  other 
which  had  received  the  mixture  of  immune  blood  and  disease-pro- 
ducing blood  remained  well. 

ExperimeTit  B.  — ^This  experiment  was  designed  as  a  control  on  the 
results  of  experiment  A,  except  that  it  was  considered  lumecessary  to 
use  the  immime  serum  alone,  as  it  appeared  not  to  produce  any 
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lasting  immiinity.  One  point  of  difference  between  experiments  A 
and  B  should  be  noted:  Experiment  B  was  carried  out  with  immime 
blood  drawn  February  9,  1904,  whereas  in  experiment  A  the  drawing 
of  November  9,  1903,  was  used. 

The  two  experiments  agree  in  showing  that  the  serum  from  the 
hyperimmunized  immune  was  capable  of  protecting  hogs  from  hog 
cholera  when  the  infection  took  place  simultaneously  with  the 
administration  of  the  immune  serum.  It  is  evident,  however,  that 
the  dxiration  of  the  immunity  secured  by  these  injections  was  not 
of  sufficient  length  to  render  the  method,  as  used  at  that  time,  suit- 
able for  practical  purposes.  Other  experiments  .with  blood  from 
immune  hog  844  and  from  other  hyperimmunized  hogs  about  the 
same  time  did  not  lead  to  more  promising  results,  and  the  experi- 
ments were  therefore  laid  aside  temporarily  on  account  of  the  pressure 
of  other  work. 

BZPEBIMSHT8  07  1906. 

In  the  spring  of  1905  this  work  was  resumed  with  the  intention  of 
determining  whether  it  was  possible  to  secure  by  means  of  the  above- 
described  method,  or  some  variation  of  it,  an  immunity  which 
would  be  more  lasting  than  that  obtained  in  previous  experiments. 

Four  immxmes  were  used  to  supply  serum.  These  hogs  were  all 
adult  animals,  more  than  a  year  old,  and  had  all  passed  through 
exposure  to  hog  cholera  without  exhibiting  noticeable  symptoms 
of  disease.  It  is  difficult  to  classify  these  hogs  as  possessing  either 
"natural"  immimity  or  ^'acquired''  immimity,  as  they  may  have 
suffered  a  light  attack  of  disease  which  passed  by  lumoticed.  It  is 
quite  certain,  however,  that  they  possessed  considerably  greater 
powers  of  resistance  than  is  ordinarily  the  rule  in  hogs. 

Two  methods  were  resorted  to  for  hyperimmimizing  these  hogs. 
For  the  sake  of  convenience  the  first  plan  has  been  designated  the 
"slow  method"  and  the  second  the  "quick  method,"  depending 
upon  the  manner  of  injecting  the  disease-producing  blood.  The 
slow  method  consisted  of  three  successive  injections  of  disease- 
producing  blood,  followed  by  a  drawing  of  blood  from  the  immune, 
and  then  more  injections  of  disease-producing  blood,  followed  by 
more  drawings  from  the  immune;  in  other  words,  it  followed  in  a 
general  way  the  plan  used  in  raising  the  potency  of  the  blood  serum 
of  immune  cattle  for  securing  a  protective  serum  for  "rinderpest." 
The  quick  method  is  along  the  line  of  Nicolle's  so-called  "m6thode 
brutale"  of  producing  an  antirinderpest  serum,  and  was  planned  to 
consist  of  one  very  large  dose  of  disease-producing  blood  administered 
subcutaneously,  and  followed  after  an  interval  of  ten  days  or  more 
by  blood  drawings  from  the  immime.  It  was  planned  to  use  a 
different  strain  of  disease-producing  blood  for  injecting  each  immune, 
but  this  could  not  be  done  owing  to  the  impossibility  of  securing  a 
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sufficient  quantity  of  blood  from  different  outbreaks  at  the  time 
the  injections  were  to  be  made.  All  of  the  immimes,  therefore,  were 
injected  with  diseased  blood  which  might  be  considered  a  mixture 
of  several  different  strains,  but  which  was  virulent  in  all  cases  (as 
proven  by  the  injection  of  controls)  unless  otherwise  stated. 

In  view  of  the  virulence  of  this  blood  the  behavior  of  the  immunes 
after  injection  seems  truly  remarkable,  for  not  one  of  them  showed 
any  ill  effects  whatever  other  than  a  transitory  stiffness,  due  undoubt- 
edly to  the  local  inflammation  caused  by  the  large  injections.  Immune 
hog  Q  No.  2  received  1,440  times  the  usual  lethal  dose  of  hog-cholera 
blood  without  anjr  effect  whatever  being  noticeable  except  a  little 
stiffness.  As  far  as  the  immune  is  concerned,  therefore,  there 
seemed  to  be  no  reason  why  the  single  large  dose  should  not  be  used 
instead  of  the  much  slower  process  of  administering  the  disease- 
producing  blood  in  increasing  doses. 

nOCUNSS  USED  FOB  PRODTTCTIOK  OF  8EBT7M  IN  1005. 

A  very  brief  history  of  each  of  the  immunes  is  given  below.  It 
should  be  noted  that  the  virulence  of  the  disease-producing  blood 
injected  was  tested  each  time  by  the  injection  of  one  or  more  non- 
immune hogs,  and  in  each  case  it  proved  to  be  of  high  pathogenic 
power  unless  otherwise  stated. 

Htperihhunized  Immune  Q  No.  1  (Quick  Method). 

This  hog  passed  through  an  exposure  to  hog  cholera  in  the  summer 
of  1904  without  showing  any  symptoms  of  disease,  and  was  not  sub- 
jected to  further  exposure  until  the  summer  of  1905,  when  it  weighed 
approximately  130  pounds.  On  September  12,  1905,  it  was  injected 
subcutaneously  with  900  c.  c.  of  blood  that  was  supposed  to  be  viru- 
lent, but  nonimmune  hogs  that  were  given  small  doses  of  the  same 
blood  did  not  sicken,  so  the  treatment  had  to  be  repeated.  On 
October  16,  1905,  this  hog  was  given  1,275  c.  c.  of  virulent  blood. 
No  reaction  worthy  of  note  followed  this  injection.  Blood  draw- 
ings from  this  immune  were  made  as  follows: 

November  1, 1905, 140  c.  c.  defibrinated  blood  obtained. 
November  9, 1905, 126  c.  c.  defibrinated  blood  obtained. 
November  16,  1905,  160  c.  c.  defibrinated  blood  obtained. 
December  27,  1906,  200  c.  c.  defibrinated  blood  obtained. 

The  first  drawing  of  this  blood  was  used  in  the  vaccination  of  hogs 
in  the  1905  experiment. 

Hypbrimhunized  Immune  Q  No.  2  (Quick  Method). 

This  hog  passed  through  an  exposure  to  hog  cholera  in  1904  with- 
out showing  any  symptoms  of  disease.  On  November  1,  1905, 
when  the  hog  weighed  145  pounds,  it  was  injected  subcutaneously 
with  1,440  c.  c.  of  disease-producing  blood.  Some  soreness  and 
stiffness  followed  this  injection,  but  otherwise  the  animal  remained 
well. 
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Drawings  of  blood  were  made  from  hog  Q  No.  2  as  follows: 

November  24,  1905,  225  c.  c.  of  defibrinated  blood  obtained. 
December  1,  1905,  230  c.  c.  of  defibrinated  blood  obtained. 
December  8,  1905,  200  c.  c.  of  defibrinated  blood  obtained. 
December  27,  1905,  350  c.  c.  of  defibrinated  blood  obtained. 

The  first  drawing  of  blood  from  this  hog  was  used  in  the  vaccination 
of  hogs  in  the  1905  experiments,  and  the  second  drawing  was  used  in 
the  1906  experiment  to  test  the  keeping  quality  of  immune  serum. 

Hyperimmunized  Immune  1234  (Slow  Method). 

This  hog  was  first  exposed  to  hog  cholera  on  November  9,  1904, 
when  it  was  placed  in  a  pen  with  sick  hogs;  no  illness  resulted.  On 
September  29,  1905,  at  which  time  it  weighed  168  pounds,  hog  1234 
was  injected  subcutaneously  with  175  c.  c.  of  disease-producing 
blood.  This  was  followed  on  October  21  by  420  c.  c.  of  disease-pro- 
ducing blood,  and  the  third  dose,  840  c.  c,  was  given  November  5, 
1905.  About  two  months  later,  or,  to  be  exact,  on  January  13,  1906, 
the  hog  received  the  last  dose  of  diBease-producing  blood.  The 
virulence  of  the  blood  used  for  each  of  these  injections  was  proven  by 
the  production  of  disease  in  nonimmune  hogs.  Drawings  of  blood 
were  made  from  the  tail  of  this  hog  as  follows: 

November  14,  1905, 100  c.  c.  defibrinated  blood  obtained. 
November  21, 1905, 130  c.  c.  defibrinated  blood  obtained. 
November  28,  1905,  125  c.  c.  defibrinated  blood  obtained. 
January  24,  1906,  450  c.  c.  defibrinated  blood  obtained. 
February  2,  1905,  525  c.  c.  defibrinated  blood  obtained. 
August  31,  1906,  60  c.  c.  defibrinated  blood  obtained. 

The  first  drawing  of  serum  from  hog  1234  was  used  in  the  1905 
experiments,  while  the  second  drawing  and  last  drawing  were  used 
in  1906  Experiments  XXVIII  and  XXIX,  hereinafter  described. 

Htfebimhunizbd  Imhune  1212  (Slow  Method). 

Hog  1212  was  injected  with  blood  from  a  sick  hog  on  August  27, 
1904,  and  was  later  placed  in  the  exposure  pen,  but  in  neither  instance 
did  the  hog  become  sick. 

On  September  29,  1905,  this  immune  weighed  approximately  160 
pounds  and  was  injected  with  175  c.  c.  of  disease-producing  blood. 
The  injection  of  disease-producing  blood  was  repeated  as  follows: 

October  21,  1905,  420  c.  c. 
November  5,  1905,  820  c.  c. 
January  13,  1906,  840  c.  c. 

Practically  no  symptoms  followed  these  injections,  although  non- 
immunes that  received  only  5  c.  c.  of  the  same  blood  contracted  hog 
cholera  and  in  most  instances  died. 
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Drawings  of  blood  were  made  from  immune  hog  1212  as  follows: 

November  14, 1905, 100  c.  c.  defibrinated  blood  obtained. 
November  21, 1905,  140  c.  c.  defibrinated  blood  obtained. 
November  28,  1905,  10  c.  c.  defibrinated  blood  obtained. 
January  24,  1906,  75  c.  c.  defibrinated  blood  obtained. 

The  first  drawing  of  this  serum  was  the  only  one  used  for  experi- 
mental purposes,  and  this  was  used  in  the  1905  experiments  only. 

VACCINATION  EXPEBIHBNTS  IN  1905. 

Only  the  first  drawings  of  hyperimmune  blood  were  used  in  the 
experiments  described  below.  The  blood  was  defibrinated,  separated 
from  the  clot,  and  mixed  with  sufficient  5  per  cent  carboUc  acid  solu- 
tion to  give  a  0.5  per  cent  solution  in  the  defibrinated  blood. 

In  so  far  as  the  method  of  Taccination  is  concerned,  the  1905  exper- 
iments practicaUy  repeat  those  of  1903  and  1904,  though  of  course 
the  mode  of  hyperimmunizing  the  immunes  was  modified  as  ex- 
plained aboTe.  It  was  also  hoped  to  determine  whether  different 
immimes  varied  in  their  power  to  yield  a  potent  serum,  whether  the 
"quick"  or  the  "slow"  method  of  hyperimmunization  was  prefer- 
able, and  whether  by  increasing  the  amount  of  disease-producing 
blood  given  to  the  immunes  the  duration  of  the  immunity  in  treated 
hogs  could  be  prolonged.  The  amoimt  of  disease-producing  blood 
administered  with  the  immune  blood  for  the  purposes  of  vaccination 
was  also  varied  for  similar  reasons.  In  all  treated  hogs  the  diseased 
blood  and  the  hyperimmime  serum  were  injected  simultaneously  on 
different  sides  of  the  body  beneath  the  skin.  Control  animals  of  the 
same  size  and  age,  and  of  the  same  litters  also,  if  available,  were  in- 
jected with  the  same  dose  of  the  same  disease-producing  blood  alone 
in  order  to  demonstrate  the  protective  value  of  the  immune  blood. 

Several  weeks  after  vaccination  the  hogs  which  withstood  the  treat- 
ment were  placed  in  an  "exposure  pen."^  This  pen  contained  hogs 
sick  of  hog  cholera,  and  as  the  pen  was  comparatively  small  the  ex- 
posure to  which  the  treated  hogs  were  subjected  was  quite  as  severe 
as  any  that  could  be  encountered  under  natural  conditions  by  asso- 
ciation. The  severity  of  this  exposure  is  made  plain  by  the  death  of 
the  control  animals. 

It  seems  unnecessary  to  give  detailed  records  of  the  hogs  used  in 
this  and  succeeding  experiments.  It  may  be  stated,  however,  that  in 
cases  where  hogs  became  sick  the  clinical  records  and  the  autopsy 
findings  in  all  cases  were  such  as  are  usually  met  with  in  hog  cholera, 
imless  otherwise  stated.     The  salient  features  are  set  down  in  Table  3. 

^  The  term ' '  exposure  pen  **  as  used  in  this  paper  refers  to  a  pen  where  hogs  sick  of  hog 
cholera  were  kept  and  hogs  placed  therein  were  subjected  at  all  times  to  close  associa- 
tion with  the  sick  animals.  The  exposure  was  entirely  by  association,  as  the  hogs  were 
not  allowed  to  feed  upon  the  bodies  of  those  that  died. 
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As  will  be  seen  from 
Table  3,  16  hogs  were 
vaccinated  by  the  use  of 
a  combination  of  hyper- 
immune blood  and  dis- 
ease-producing blood, 
blood  from  each  inunune 
serving  for  the  treatnaent 
of  4  hogs  in  doses  of  10 
c.  c.  and  20  c.  c.  Half 
of  the  treated  hogs  re- 
ceived 2  c.  c.  of  disease- 
producing  blood  and  the 
remainder  1  c.  c,  simul- 
taneously with  the  im- 
mune blood.  For  the 
purpose  of  control,  8 
hogs  were  injected  with 
disease-producing  blood 
alone,  half  of  these  re- 
ceiving 2  c.  c.  and  the 
remainder  1  c.  c,  all 
injections  being  made 
subcutaneously. 

Of  the  16  hogs  which 
were  vaccinated,  2  died, 
2  became  sick  but  re- 
covered, and  12  showed 
no  symptoms  of  illness 
whatever  as  a  result  of 
the  treatment.  The  ani- 
mals which  became  sick 
were  all  treated  with  se- 
rum from  immune  hog 
Q  No.  1,  the  serum  from 
this  inmiune  appearing 
to  be  barely  sufficient  to 
protect  from  1  c.  c.  of 
disease-producing  blood, 
but  not  potent  enough 
to  protect  from  2  c.  c. 
Serum  from  the  other  3 
immunes  gave  perfect 
protection  from  2  c.  c. 
as  well  as  from  1  c.  c.  of 
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disease-produciDg  blood  when  iajected  simultaneously  with  it,  and  the 
protection  afforded  by  10  c.  c.  of  this  serum  seemed  to  be  quite  as 
satisfactory  as  that  secured  by  the  use  of  twice  that  amount. 

The  protective  power  of  the  senun  from  hyperinmiunized  hogs  Q 
No.  2,  1234;  and  1212  is  made  strikingly  apparent  by  the  behavior 
of  the  control  animals,  which  were  injected  with  disease-producing 
blood  alone.  Of  the  8  hogs  thus  injected,  6  died  of  hog  cholera,  1 
was  killed  when  in  a  moribund  condition,  and  the  eighth  hog  also 
contracted  the  disease  but  recovered.  From  these  facts  there  seems 
to  be  no  reason  for  doubting  the  protective  power  of  the  serum  from 
these  3  immimes  when  injected  simultaneously  with  disease-produc* 
ing  blood. 

In  order  to  determine  whether  or  not  this  immunity  was  of  more 
than  fleeting  duration  the  survivors  from  the  vaiccinating  dose  were 
placed  in  the'  exposure  pen  t<^ether  with  7  untreated  healthy  hogs, 
as  shown  in  Table  3.  This  exposure  to  disease  by  association  took 
place  twenty-four  days  after  vaccination  in  the  case  of  6  of  the 
treated  hogs  and  twenty-five  days  after  the  vaccination  of  the 
remaining  8  hogs.  The  interval  between  vaccination  and  exposure 
was  not  as  long  as  was  desired,  but  owing  to  the  lateness  of  the  season 
it  was  considered  best  to  expose  at  that  time  rather  than  wait  imtil 
the  following  summer. 

It  wUl  be  seen  from  the  table  that  not  one  of  the  vaccinated  hogs 
contracted  disease  as  a  result  of  this  exposure.  Of  the  7  control  hogs 
which  were  placed  in  the  exposure  pen  at  the  same  time  as  the  vacci- 
nated hogs  to  prove  the  virulence  of  the  exposure,  6  contracted  hog 
cholera,  while  2  remained  well.  Of  the  5  which  contracted  the  dis- 
ease, 3  died  and  2  were  killed  when  desperately  sick  to  secure  blood 
for  other  experiments. 

From  the  results  given  above  there  seems  to  be  no  reason  to  doubt 
the  power  of  serum  from  hyperinunimized  immunes  to  protect  non- 
immunes from  a  fatal  dose  of  disease-producing  blood  administered 
simultaneously  with  the  hyperimmune  serum.  It  appears  also  that 
in  the  case  of  serum  from  3  of  the  inununes,  at  least,  a  dose  of  10  c.  c. 
was  quite  as  effective  as  20  c.  c.  The  serum  from  both  immunes 
which  were  hyperimmunized  by  the  slow  method  proved  potent, 
whereas  serum  from  inmiime  hog  Q  No.  1  treated  by  the  quick  method 
failed  to  give  satisfactory  results.  The  low  protective  power  of  the 
serum  from  this  immime  would  appear  to  be  due  to  some  peculiarity 
on  the  part  of  the  immime  itself,  inasmuch  as  blood  from  immune  hog 
Q  No.  2  treated  by  the  same  method  proved  quite  as  effective  as  blood 
from  either  of  the  ''slow"  immunes.  Without  more  extended  trials, 
therefore,  with  other  immunes,  preference  could  not  be  given  to  either 
one  of  the  methods  of  hyperimmunization  over  the  other.  These 
experiments  indicate  also  that  large  doses  of  disease-producing  blood 
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may  be  expected  to  confer  upon  the  blood  of  the  immune  the  power 
to  protect  nonimmunes  for  a  greater  length  of  time  than  blood  from 
immimes  which  receive  considerably  smaller  doses,  for  in  the  experi- 
ments carried  out  up  to  this  time  the  immunity  exhibited  by  the 
vaccinated  hogs  after  treatment  may  have  been  due  (in  some  of  the 
treated  hogs  at  least)  to  the  action  of  the  immune  blood  alone  and 
not  necessarily  to  the  combined  action  of  immune  and  disease-pro- 
ducing blood. 

It  will  be  remembered  that  in  the  experiments  of  1903  and  1904 
the  immune  blood  protected  the  treated  animals  from  the  disease- 
producing  blood  which  was  administered  simultaneously  with  it,  but 
some  of  the  vaccinated  animals  succumbed  when  exposed  to  hog 
cholera  about  thirty  days  later.  The  most  rational  explanation  of 
this  occurrence  appeared  to  lie  in  the  supposition  that  too  much 
immime  blood  was  administered  with  the  diseased  blood.  The 
animals  would  thus  be  completely  protected  from  the  simultaneous 
injection  of  the  virus,  but  owing  to  this  complete  protection  from  the 
virus  the  animal  body  would  have  no  stimulus  to  bring  about  a  reac- 
tion and  a  consequent  production  of  an  active  immunity  which  was 
aimed  at  by  the  simultaneous  method  of  vaccination.  Under  such 
circumstances  it  seemed  reasonable  to  suppose  that  the  vaccinated 
hogs  possessed  only  a  passive  and  transitory  immunity,  such  as  might 
be  expected  from  the  injection  of  an  antitoxin. 

In  the  experiments  of  1905  we  were  unable  to  clear  up  this  point, 
owing  to  difficulties  experienced  in  securing  suitable  material  for  the 
work.  The  experiments  were  greatly  delayed  and  it  was  only 
possible  to  carry  out  those  which  have  just  been  described.  Inas- 
much as  no  hogs  were  injected  with  the  immune  serum  alone  in 
these  experiments,  the  question  as  to  the  nature  of  the  immunity 
afforded  by  our  injections  could  not  be  definitely  determined.  There 
is  reason  to  believe,  however,  that  this  may  have  been  due  to  the 
serum  alone,  at  least  in  the  case  of  those  which  received  20  c.  c.  of 
immune  serum,  while  there  can  be  no  doubt  that  the  2  hogs  1397  and 
1398,  which  became  sick  but  recovered,  secured  an  active  immunity. 
It  is  entirely  possible  that  the  other  hogs  which  received  10  c.  c.  of 
immune  blood  with  the  disease-producing  blood  suffered  a  very  mild 
attack  of  disease  and  thus  secured  an  active,  permanent  immunity. 
It  would  be* natural  to  suppose,  however,  that  if  10  c.  c.  of  immune 
serum  gave  sufficient  protection  from  the  disease-producing  blood  to 
prevent  any  outward  manifestation  of  disease  the  protection  afforded 
by  20  c.  c.  would  be  complete,  and  that  subsequent  immunity  in 
these  hogs  would  presumably  be  due  to  the  immune  blood  alone. 
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BZPBSDEEVTS  OF   1906. 

The  experiments  thus  far  described  show  quite  clearly  that  blood 
from  certain  hyperimmunized  immunes  possesses  the  power  to  pro- 
tect nonimmune  hogs  from  a  fatal  dose  of  disease-producing  blood 
administered  simultaneously  with  the  serum.  It  has  also  been 
shown  that  hogs  which  survive  a  simultaneous  injection  of  serum  and 
disease-producing  blood  are  rendered  immune  for  at  least  twenty-five 
days  thereafter,  even  though  they  show  no  reaction  after  the  injection. 
Notwithstanding  the  success  which  attended  most  of  these  experi- 
ments, many  questions  affecting  the  practicabiHty  of  this  method  for 
combating  hog  cholera  yet  remained  undetermined.  In  conducting 
the  experiments  during  the  year  1906,  therefore,  we  have  endeavored 
to  decide,  in  so  far  as  time  and  material  would  permit,  these  other 
questions  in  connection  with  experiments  designed  to  substantiate 
the  results  already  obtained. 

PLAN  OF  THB  BXPBBIMBNT8. 

The  experiments  which  are  to  be  described  hereafter  will  perhaps  be 
best  understood  by  indicating  the  general  plan  which  was  followed. 
The  questions  to  be  decided  concerned  first,  the  immunes,  and  second, 
the  hogs  that  were  to.  be  vaccinated. 

Questions  concerning  the  immunes. — ^Without  attempting  to  go  into 
the  plans  in  detail,  the  1906  experiments  may  be  said  to  have  had  the 
following  objects  in  view:  To  determine  (1)  whether  natural  immunes 
•or  those  which  have  acquired  immunity  are  best  suited  for  serum  pro- 
duction; (2)  what  percentage  of  either  natural  or  acquired  immunes 
may  be  expected  to  yield  a  potent  serum;  (3)  whether  the  *' quick 
method"  or  the  "slow  method"  of  hyperimmunization  yields  the  best 
results;  (4)  whether  disease-producing  blood  from  different  outbreaks 
of  hog  choleta  is  equally  well  suited  for  the  purposes  of  hyperimmuni- 
zation; (5)  whether  the  amounts  of  disease-producing  blood  used  for 
hyperimmunization  might  be  reduced  without  affecting  the  potency  of 
the  serum,  and  (6)  how  long  after  the  last  injection  with  disease- 
producing  blood  the  immunes  retain  the  power  to  furnish  a  potent 
serum. 

Questions  con^ceming  vaccination, — Many  questions  arise  in  con- 
nection with  the  practical  appUcation  of  the  serum,  but  it  has  not 
thus  far  been  possible  to  attempt  to  answer  all  of  them.  The  prin- 
cipal points  we  had  in  mind  during  the  1906  experiments  were  as  fol- 
lows: To  determine  (1)  the  dose  of  serum  required  to  protect  a  small 
hog  (25  to  50  poxmds)  from  a  simultaneous  injection  of  a  fatal  dose  of 
disease-producing  blood;  (2)  the  duration  of  the  immunity  which 
follows  this  simultaneous  injection;  (3)  whether  it  is  necessary  to 
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produce  a  reaction  (i.  e.,  visible  illness  or  fever,  or  both)  in  order  to 
secure  a  lasting  immunity;  (4)  whether  the  administration  of  suffi- 
cient serum  to  prevent  a  reaction  will  tend  to  shorten  the  duration  of 
the  immunity  in  vaccinated  hogs;  (5)  whether  hogs  vaccinated  by  a 
simultaneous  injection  of  serum  and  disease-producing  blood  are 
likely  to  be  injured  or  stunted  in  growth ;  (6)  whether  hogs  vaccinated 
by  this  *' serum-simultaneous"  method  may  communicate  hog  cholera 
to  unvaccinated  hogs  by  association  with  them;  (7)  whether  a  lasting 
immunity  may  be  produced  by  the  injection  of  the  serum  alone;  (8) 
whether  the  serum  alone  can  be  used  successfully  as  a  cure ;  (9)  how 
long  the  serum  will  retain  its  potency,  and  (10)  whether  satisfactory 
results  may  be  obtained  by  vaccinating  suckling  pigs. 

GENBBAL  PLAN  FOB  THE  PRODTTCTIOK  OF  SEBT7M  IN  1006. 

The  immunes  used, — Eight  immune  hogs  were  to  be  hyperimmu- 
nized.  If  possible,  4  of  these  were  to  be  hogs  that  had  acquired  im- 
munity, while  the  remainder  were  to  be  natural  immunes.  Four  of 
these  8  hogs  (2  natural  immunes  and  2  that  possessed  acquired  im- 
munity) were  to  be  hyperimmunized  by  the  use  of  one  strain  of 
disease,  while  the  remaining  4  were  to  be  given  disease-producing 
blood  from  an  entirely  different  source. 

Method  of  hyperimmunizaiion. — There  were  certain  general  features 
in  the  process  of  immunization  which  applied  alike  to  all  immunes 
treated  by  the  same  method.  First  of  all,  in  order  to  make  sure 
of  a  firm  immunity  and  to  avoid  losses  later,  a  preliminary  injection 
of  20  c.  c.  of  disease-producing  blood  was  given  each  immune.  After 
this  the  regular  process  of  hyperimmunization  was  begun.  Four 
of  the  immunes  were  hyperimmunized  by  the  quick  method  and 
4  by  the  slow  method  described  under  the  1905  experiments. 

The  immunes  treated  by  the  quick  method  were  injected  Avith 
one  dose  of  disease-producing  blood,  the  amount  administered  being 
equal  to  1,000  c.  c.  of  disease-producing  blood  to  each  100  pounds 
of  body  weight.  Exactly  three  weeks  after  this  injection  blood  was 
drawn  from'  the  tails  of  these  immunes  and  preserved  for  experi- 
mental use.  This  blood  drawing  from  the  immunes  was  repeated 
at  intervals  of  seven  or  eight  days  until  three  drawings  had  been 
made,  and  in  most  cases,  as  shown  by  the  detailed  records  which 
follow,  a  fourth  drawing  was  made  approximately  a  month  after 
the  third  drawing. 

The  immunes  treated  by  the  slow  method  were  injected  three 
times.  The  first  dose  was  in  the  proportion  of  100  c.  c.  of  disease- 
producing  blood  to  100  pounds  of  body  weight;  the  second  dose, 
which  followed  the  first  after  from  ten  to  fourteen  days,  was  in  the 
proportion  of  250  c.  c.  per  100  pounds  body  weight,  and  the  third 
and  last  dose,  which  was  given  approximate!}^  twelve  days  after  the 
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second,  was  in  the  proportion  of  500  c.  c.  per  100  pounds  of  body 
weight.  Blood  drawings  from  the  immunes  hyperimmunized  by 
the  slow  method  were  begun  nine  or  ten  days  after  the  last  injection 
of  disease-producing  blood  and  repeated  at  intervals  of  seven  days. 

The  object  of  these  repeated  blood  drawings  from  the  immunes 
was  of  course  to  seciu^e  blood  for  the  purpose  of  ascertaining  how 
long  after  the  last  injection  of  disease-producing  blood  the  immune 
retained  the  power  to  furnish  potent  serum.  These  different  draw- 
ings of  inunune  blood — that  is,  some  of  them — were  tested  on  non- 
immune hogs,  as  shown  in  the  experiments  hereinafter  described. 

Method  of  collecting  and  preserving  the  immune  blood. — The  immune 
blood  was  drawn  in  all  cases  from  the  tails  of  the  immunes  and  was 
collected  in  a  wide,  sterilized  dish.  It  was  allowed  to  coagulate, 
and  the  clot  which  formed  was  then  subjected  to  pressure  in  order 
that  all  of  the  serum  might  be  separated  from  it.  Instead  of  a  clear 
serum,  therefore,  we  secured  always  a  serum  containing  large  num- 
bers of  red  blood  corpuscles  and  which  might  be  more  properly 
called  defibrinated  blood.  The  time  required  for  the  red  cells  to 
settle  and  the  very  considerable  loss  of  serum  which  would  have 
resulted  if  we  had  attempted  to  use  clear  serum  only,  owing  to  lack 
of  facilities  for  using  a  large  centrifuge,  made  it  necessary  to  employ 
the  serum  containing  red  cells.  In  applying  a  similar  method  to 
cattle  the  use  of  a  serum  containing  red  cells  would  no  doubt  be  con- 
sidered objectionable,  oWing  to  the  danger  of  transmitting  some 
intercurrent  disease,  such  ad  Texas  fever,  through  such  injections. 
Such  contingencies  were  not  Ukely  to  occur  in  the  case  of  hogs,  how- 
ever, and,  furijiermore,  any  possible  danger  of  this  kind  was  no 
doubt  avoided  through  the  addition  of  an  antiseptic  to  the  serum 
immediately  after  it  was  drawn.  After  the  serum  had  been  com- 
pletely separated  from  the  clot  by  pressure  and  by  straining  through 
a  sterilized  cloth  it  was  mixed  with  a  5  per  cent  aqueous  solution  of 
carbolic  acid  in  the  proportion  of  9  parts  of  serum  to  1  of  carbolic- 
acid  solution,  thus  giving  a  0.5  per  cent  solution  of  carbolic  acid  in  the 
serum.  This  served  to  keep  the  serum  perfectly,  provided  it  was 
placed  at  once  in  sterilized  bottles  until  used.  It  should  be  remem- 
bered that  all  of  the  hyperimmune  serum  used  in  the  experiments 
described  hereafter  consisted,  in  reality,  of  1  part  of  carbolic-acid 
solution  and  9  parts  of  serum  and  red  cells. 

Sources  of  disease-producing  blood  with  details  of  the  hyperimmuniza- 
tion. — ^As  already  stated,  disease-producing  blood  from  two  entirely 
distinct  sources  was  used  for  the  treatment  of  the  immunes.  One  of 
these  strains  of  disease  was  obtained  near  Scribner,  Nebr.,  and  is 
referred. to  as  the  "  Scribner  disease."  The  other  strain  of  disease  was 
secured  near  Alexandria,  Va.,  and  has  been  designated  the  ''Syphax 
disease."     Blood  from  both  of  these  sources  proved  quite  virulent 
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when  administered  to  nonimmune  hogs;  the  blood  from  the  Scribner 
outbreak,  however,  appeared  to  produce  a  somewhat  more  acute 
type  of  disease  than  the  blood  from  the  Syphax  outbreak.  The 
immunes  hyperimmimized  with  blood  from  the  Scribner  outbreak  are 
designated  ''Scribner  immunes/'  and,  depending  upon  the  method 
used  for  hyperimmunization,  the  individuals  have  been  called  ''  Scrib- 
ner quick  immunes  "  or  ''  Scribner  slow  immunes,''  as  the  case  might 
be.     The  same  plan  is  followed  in  speaking  of  the  ''  Syphax  immunes." 

DESCBIPTION  OF  THB  8CBIBNBB  OX7TBBEAK. 

This  outbreak  of  hog  cholera  occurred  near  Scribner,  Nebr.,  in  the 
fall  of  1905.  When  this  locality  was  first  visited  by  one  of  us  it  was 
found  that  hog  cholera  of  a  virulent  type  existed  on  some  half  dozen 
farms.  Several  of  these  were  visited  and  the  sick  animals  were 
found  to  exhibit  the  usual  symptoms  of  hog  cholera,  and  at  autopsy 
the  usual  lesions,  such  as  intestinal  ulcers  and  ecchymoses  in  the 
various  organs,  were  noted.  From  one  of  these  infected  herds,  in 
which  the  final  loss  was  about  74  per  cent,  blood  was  secured  for 
experimental  purposes.  This  blood  was  collected  in  a  sterile  vessel, 
defibrinated,  and  kept  on  ice  until  it  was  used  at  the  Bureau  experi- 
ment farm  near  Ames,  Iowa,  for  the  injection  of  hogs  1395,  1393,  and 
1394,  which  received,  respectively,  1  c.  c,  2.5  c.  c,  and  5  c.  c,  subcu- 
taneously  on  November  18,  1905.  These  hogs  became  sick  six  days 
after  injection,  and  hogs  1393  and  1395  died  on  December  3,  1905. 
The  other  hog,  1394,  was  killed  on  December  1  to  secure  blood  for 
other  experiments.  Autopsies  which  were  held  on  2  of  these  hogs 
revealed  the  usual  lesions  of  hog  cholera. 

The  blood  of  hog  1394,  after  dilution,  was  filtered  through  a  Cham- 
berland  bougie,  and  the  filtered  blood  was  proven  to  possess  the  same 
degree  of  virulence  as  the  imfiltered  blood. 

A  portion  of  the  imfiltered  blood  of  hog  1394  was  placed  in  sealed 
glass  bulbs  and  preserved  on  ice  imtil  May,  1906,  when,  upon  injection, 
it  proved  to  be  quite  virulent,  and  hogs  inoculated  with  this  disease  or 
exposed  to  it  furnished  all  of  the  blood  used  in  hyperimmunizing  the 
so-called  "  Scribner  immunes." 

8CBXBNEB  IMMX7NE8. 

Htperimmunized  Immune  1286  (Quick  Method). 

This  hog  was  exposed  to  hog  cholera  on  August  17,  1905,  together 
with  another  of  about  the  same  weight  (50  pounds).  As  a  result  of 
this  exposure  hog  1286  exhibited  only  slight  indications  of  sickness 
and  soon  recovered,  although  the  other  hog  exposed  at  the  same  time 
died,  showing  at  autopsy  the  usual  lesions  of  hog  cholera.  In  order 
to  test  further  the  immunity  of  hog  1286  it  was  placed  in  the  station 
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exposure  pen  where  a  number  of  sick  hogs  were  kept.  This  hog 
failed  to  show  symptoms  of  disease  and  was  not  exposed  further  imtil 
the  summer  of  1906,  when  it  weighed  125  pounds. 

June  13,  1906,  hog  1286  received  subcutaneously  20  c.  c.  of  Scrib- 
ner  disease-producing  blood,  and  at  the  same  time  a  control  hog  was 
injected  with  10  c.  c  of  the  same  blood.  The  control  died,  while  hog 
1286  remained  well. 

June  25,  1906,  hog  1286  was  injected  subcutaneously  with  1,250 
c.  c.  of  Scribner  disease-producing  blood  secm^ed  from  several  hogs. 
At  the  same  time  5  nonimmune  hogs  were  injected  to  serve  as  checks 
on  the  virulence  and  also  to  furnish  blood  for  treating  other  immunes. 
All  of  these  checks  became  very  sick  and  were  destroyed,  while  hog 
1286  remained  well  except  for  slight  soreness  following  the  injection. 

Blood  was  drawn  from  the  taU  of  hog  1286  as  follows:' 

July  16,  1906,  356  c.  c.  defibrinated  blood  obtained. 
July  23,  1906,  300  c.  c.  defibrinated  blood  obtained. 
July  30, 1906,  250  c.  c.  defibrinated  blood  obtained. 

This  blood  was  used  in  Experiments  I  and  II  described  in  another 
part  of  this  paper. 

Htpbrimmunizbd  Immunb  1313  (Quick  Method). 

This  hog  was  injected  subcutaneously  with  25  c.  c.  of  diluted  dis- 
eased blood  on  September  30,  1905.  Hog  1313  did  not  become 
noticeably  sick  as  a  result  of  the  injection,  although  the  blood  was 
of  *a  fair  degree  of  virulence.  A  later  exposure  to  disease  in  the 
exposure  pen  was  likewise  without  effect  upon  this  hog.  No  further 
exposure  to  hog  cholera  was  made  until  the  summer  of  1906,  as 
described  below. 

June  13,  1906,  hog  1313  received  subcutaneously  20  c.  c.  of  Scrib- 
ner disease-producing  blood;  a  nonimmune  hog  received  at  the  same 
time  10  c.  c.  of  the  same  blood.  The  check  died  of  hog  cholera,  but 
hog  1313  remained  well. 

July  5,  1906,  hog  1313,  which  weighed  130  pounds,  was  injected 
subcutaneously  with  1,300  c.  c.  of  Scribner  disease-producing  blood. 
Two  nonimmune  hogs  injected  at  the  same  time  with  2  c.  c.  each  of 
the  same  disease-producing  blood  became  very  sick  and  were  killed 
to  furnish  blood  for  the  other  experiments.  Hog  1313  was  a  little 
sore  on  the  day  following  the  injection;  this  soon  passed  away,  but 
on  July  8  and  for  several  days  thereafter  the  hog  was  quite  sluggish 
and  disinclined  to  eat.  By  July  13,  however,  recovery  was  com- 
plete.    Blood  was  drawn  from  the  tail  of  hog  1313  as  follows: 

July  26, 1906,  400  c.  c.  defibrinated  blood  obtained. 
August  2,  1906,  465  c.  c.  defibrinated  blood  obtained. 
August  9,  1906,  450  c.  c.  defibrinated  blood  obtained. 
September  6,  1906,  400  c.  c.  defibrinated  blood  obtained. 
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The  blood  from  this  immune  was  used  in  Experiments  III  and 
IVy  which  are  described  in  the  following  pages: 

Htperimmunized  Immune  1383  (Slow  Method). 

This  hog  was  injected  subcutaneously  on  November  17,  1905, 
with  5  c.  c.  of  blood  from  a  hog  sick  of  hog  cholera.  This  blood  as 
a  result  of  a  number  of  inoculations  was  found  to  cause  the  death  of 
somewhat  more  than  50  per  cent  of  the  inoculated  hogs.  Hog  1383 
showed  slight  sickness  after  injection,  but  soon  recovered  and  also 
remained  well  when  placed  in  the  exposure  pen  about  three  weeks 
later.  In  June,  1906,  this  hog  was  used  for  the  production  of  serum, 
as  described  below. 

June  13,  1906,  hog  1383  was  injected  subcutaneously  with  20  c.  c. 
of  Scribner  disease-producing  blood.  A  nonimmune  hog  was  in- 
jected at  the  same  time  with  10  c.  c.  of  the  same  blood.  The  non- 
immune died,  but  hog  1383  remained  well. 

June  25,  1906,  hog  1383  weighed  105  pounds  and  was  injected  sub- 
cutaneously with  105  c.  c.  of  Scribner  disease-producing  blood. 
Five  nonimmune  hogs  injected  at  the  same  time  with  10  c.  c.  each 
of  the  same  blood  became  very  sick  and  were  killed  to  furnish  blood 
for  other  experiments;  hog  1383  remained  well.  The  blood  used 
for  this  injection  was  the  same  as  that  used  for  the  hyperimmuni- 
zation  of  hog  1286,  and  the  same  checks  served  for  both  immunes. 

July  5,  1906,  hog  1383  received  a  second  injection  consisting  of 
265  c.  c.  of  Scribner  disease-producing  blood.  The  blood  used  was 
the  same  as  that  used  for  the  injection  of  immime  1313  on  the  same 
date,  and,  as  stated  previously,  produced  hog  cholera  in  nonimmune 
animals  in  doses  of  2  c.  c.  Hog  1383  was  made  somewhat  sore  by  the 
injection,  but  was  well  again  after  two  or  three  days. 

July  14,  1906,  hog  1383  was  given  a  third  injection  of  Scribner  dis- 
ease-producing blood,  525  c.  c.  being  administered  subcutaneously. 
Two  nonimmimes  injected  with  2  c.  c.  each  of  the  same  blood  as  con- 
trols on  the  virulence  of  the  blood  died  of  hog  cholera.  Hog  1383 
remained  well. 

This  injection  completed  the  hyperimmunization  of  hog  1383,  and 
blood  drawings  were  made  from  this  animal  as  follows : 

July  24, 1906,  392  c.  c.  defibrinated  blood  obtained. 
July  31, 1906, 360  c.  c.  defibrinated  blood  obtained. 
August  7, 1906, 400  c.  c.  defibrinated  blood  obtained. 
August  14, 1906,  360  c.  c.  defibrinated  blood  obtained. 
September  4, 1906,  82  c.  c.  defibrinated  blood  obtained. 

The  blood  from  this  immune  proved  to  be  exceptionally  potent, 
and  it  was  therefore  used  in  a  number  of  different  experiments. 
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Htperimmunized  Immune  1403  (Slow  Method). 

By  referring  to  Table  3  it  will  be  seen  that  this  hog  was  one  of  those 
vaccinated  by  the  serum-simultaneous  method  in  the  1905  experi- 
ments. The  hog  showed  no  symptoms  of  disease,  either  as  a  result  of 
vaccination  or  of  the  subsequent  exposure  to  hog  cholera  in  the  expo- 
sure pen  on  December  27, 1905.  No  further  exposure  to  disease  was 
made  until  June,  1906,  when  hyperimmunization  was  begun.  The 
weight  of  the  hog  at  this  time  was  90  pounds. 

June  13,  1906,  hog  1403  was  injected  subcutaneously  with  20  c.  c. 
of  Scribner  disease-producing  blood.  A  control  injected  at  the  same 
time  with  10  c.  c.  of  the  same  blood  died,  whereas  hog  1403  remained 
well. 

June  25,  1906,  hog  1403  was  injected  subcutaneously  with  90  c.  c. 
of  the  same  disease-producing,blood  as  that  used  for  injecting  immunes . 
1286  and  1383  on  the  same  date.     Hog  1403  was  not  visibly  affected 
by  the  injection. 

July  5,  1906,  hog  1403  was  injected  with  225  c.  c.  of  Scribner 
disease-producing  blood.  The  same  blood  was  used  at  the  same  time 
for  injecting  immunes  1313  and  1383  and  four  control  hogs  as  previ- 
ously stated.  Immune  1403  was  sluggish  and  disinclined  to  eat  for 
several  days  following  the  injection,  but  by  July  9  had  apparently 
recovered. 

July  14,  1906,  hog  1403  was  injected  for  the  last  time  with  450  c.  c. 
of  Scribner  disease-producing  blood,  subcutaneously,  blood  from  the 
same  source  being  used  at  the  same  time  for  the  injection  of  immune 
1383  and  two  controls,  as  stated  above.  Hog  1403  showed  about  the 
same  disturbance  as  was  noted  after  the  second  injection,  but  was 
well  again  in  four  or  five  days. 

Blood  drawings  were  made  from  immune  1403  as  follows: 

July  24, 1906,  395  c.  c.  defibrinated  blood  obtained. 
July  31, 1906, 390  c.  c.  defibrinated  blood  obtained. 
August  7, 1906, 400  c.  c.  defibrinated  blood  obtained. 
August  14, 1906,  360  c.  c.  defibrinated  blood  obtained. 
September  14, 1906,  360  c.  c.  defibrinated  blood  obtained. 

DBSCBIPnON  OF  THE  SYPHAX  OUTBBBAK. 

This  outbreak  of  hog  cholera  occurred  near  Alexandria,  Va.  At 
the  time  the  first  symptoms  of  illness  were  observed,  on  September  6, 
1905,  there  were  37  hogs  in  the  herd.  The  disease  did  not  progress 
very  rapidly,  but  nevertheless  all  of  the  hogs  were  finally  attacked  by 
the  disease.  At  the  time  the  herd  was  first  visited  by  representa- 
tives of  this  Bureau  only  9  hogs  remained  alive,  and  some  of  these 
were  killed,  while  others  died,  the  final  result  being  that  3  hogs  out  of 
the  37  that  were  attacked  recovered.    The  lesions  foimd  at  autopsy 
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were  such  as  are  usually  met  with  in  hog  cholera,  except  that  the  pul- 
monary lesions  in  some  of  the  animals  were  rather  more  prominent 
than  we  have  ordinarily  found  to  be  the  case. 

Blood  from  one  of  the  sick  animals  in  this  herd  served  as  the 
starting  point  for  the  strain  of  disease  from  which  blood  was  secured 
to  hyperimmunize  the  "Syphax  immunes."  Filtered  blood  from  this 
Syphax  herd  produced  hog  cholera  when  injected  into  nonimmune 
hogs,  even  though  it  was  found  to  be  free  from  all  of  the  ordinary 
bacteria. 

SYPHAX  nOCUNES. 
Htperdcmunized  Immune  1392  (Quick  Method). 

This  hog,  with  5  others,  was  injected  subcutaneously  on  November 
17,  1905,  with  5  c.  c.  of  hog-cholera  blood.  All  became  sick  as  a 
result  of  this  inoculation  and  4  died,  hog  1392  and  one  other  finally 
recovering.  Hog  1392  was  placed  in  the  exposure  pen  in  December, 
1905,  and  remained  well.  This  hog  exhibited  quite  typical  symptoms 
of  hog  cholera  after  the  first  blood  injection,  and  the  immunity  sub- 
sequently exhibited  must  be  regarded  as  having  been  acquired  through 
this  attack  of  disease. 

June  13,  1906,  hog  1392  received  20  c.  c.  of  virulent  Scribner  dis- 
ease-producing blood  in  common  with  all  of  the  immunes  which  were 
later  hyperimmunized  with  blood  from  either  the  Scribner  or  Syphax 
outbreaks.     Hog  1392  remained  well. 

July  13,  1906,  hog  1392,  which  at  that  time  weighed  130  pounds, 
received  subcutaneously  1,300  c.  c.  of  Syphax  disease-producing  blood. 
Five  control  hogs  which  were  injected  at  the  same  time  with  5  c.  c.  of 
the  same  blood  became  very  sick  and  were  killed  to  furnish  blood  for 
other  experiments.  Hog  1392  was  somewhat  stiff  and  sore  on  the 
two  days  following  the  injection,  but  otherwise  remained  well. 
Drawings  of  blood  from  immune  1392  were  made  as  follows: 

August  3,  1906,  375  c.  c.  defibrinated  blood  obtained. 
August  10,  1906,  435  c.  c.  defibrinated  blood  obtained. 
August  17,  1906,  500  c.  c.  defibrinated  blood  obtained. 
September  17,  1906,  100  c.  c.  defibrinated  blood  obtained. 

Hyperimmunized  Immune  1274  (Quick  Method). 

This  hog  was  first  exposed  to  hog  cholera  on  July  22,  1905,  by  the 
subcutaneous  injection  of  0.25  c.  c.  of  hog-cholera  .blood.  Another 
hog  injected  at  the  same  time  died,  but  hog  1274  did  not  become  sick, 
nor  did  this  hog  show  symptoms  of  disease  when  placed  in  the  expo- 
sure pen  some  weeks  later.  The  records  indicate  that  this  hog  pos- 
sessed quite  a  high  degree  of  natural  immunity. 

June  13,  1906,  hog  1274  was  injected  subcutaneously  with  20  c.  c. 
of  Scribner  disease-producing  blood  along  with  the  other  immunes. 
No  ill  effects  were  noticed  as  a  result  of  this  inoculation. 
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July  26,  1906,  this  hog,  which  weighed  at  that  time  125  pounds, 
was  injected  subcutaneously  with  1,250  c.  c.  of  Syphax  disease- 
producing  blood,  and  4  control  hogs  were  injected  at  the  same  time 
with  from  2  c.  c.  to  5  c.  c.  each  of  the  same  blood.  All  of  the  controls 
became  very  sick  and  were  killed  to  furnish  blood  ^f or  other  experi- 
ments. H(^  1274  showed  no  marked  effects  from  the  injection. 
Drawings  of  blood  from  this  hog  were  made  as  follows. 

August  16, 1906, 460  c.  c.  defibrinated  bleod  obtained. 
August  23, 1906, 460  c.  c.  defibrinated  blood  obtained. 
September  1, 1906, 378  c.  c.  defibrinated  blood  obtained. 
October  1, 1906,  700  c.  c.  defibrinated  blood  obtained. 

Htpxrikmunizbd  Immune  1310  (Slow  Mbthod). 

This  hog,  with  one  other,  was  injected  with  hog-cholera  blood  on 
September  29,  1905;  the  mate  to  hog  1310  showed  slight  indisposition 
after  the  injection,  but  hog  1310  remained  well.  Both  hogs  were 
later  placed  in  the  exposure  pen.  Hog  1310  did  not  thrive  there,  but 
never  became  plainly  sick.  After  removal  from  the  exposure  pen 
this  hog  regained  its  vigor,  and  on  July  13,  1906,  at  which  time  the 
hyperimmunization  was  begun,  its  weight  was  180  pounds. 

June  13,  1906,  the  preUminary  injection  of  20  c.  c  of  virulent 
Scribner  disease-producing  blood  was  made.  No  visible  reaction 
followed  this  injection. 

July  13,  1906,  hog  1310  was  injected  subcutaneously  with  180  c.  c. 
of  Syphax  disease-producing  blood  from  the  same  source  as  that  used 
for  the  injection  of  immune  hog  1392  on  the  same  date.  Hog  1310 
remained  well,  although  the  control  hogs  injected  at  the  same  time 
contracted  hog  cholera. 

July  26,  1906,  hog  1310  was  injected  subcutaneously  with  400  c.  c. 
of  Syphax  disease-produciiig  blood  from  the  same  source  as  that 
used  for  the  injection  of  immune  hog  1274  on  the  same  date.  Hog 
1310  showed  practically  no  disturbance  of  health  after  this  injection, 
although  the  control  animals  injected  with  a  much  smaller  amount 
of  the  disease-producing  blood  contracted  hog  cholera. 

August  7, 1906,  hog  1310  was  injected  subcutaneously  with  900  c.  c. 
of  Syphax  disease-producing  blood.  Two  nonimmune  hogs  injected 
subcutaneously  with  2  c.  c.  and  5  c.  c.  of  the  same  blood  contracted 
hog  cholera  and  died.  With  the  exception  of  a  Uttle  soreness,  hog 
1310  remained  well. 

Blood  was  drawn  from  this  immune  as  follows: 

August  16, 1906, 450  c.  c.  defibrinated  blood  obtained. 
August  23, 1906, 450  c.  c.  defibrinated  blood  obtained. 
September  1, 1906, 540  c.  c.  defibrinated  blood  obtained. 
October  1, 1906,  450  c.  c.  defibrinated  blood  obtained. 
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Htperimmunizbd  Immune  1297  (Slow  Method). 

This  hog  weighed  approximately  55  pounds  on  September  13,  1905, 
at  which  time  it  was  injected  subcutaneously  with  hog-cholera  blood. 
No  sickness  followed  this  injection  and  a  later  exposure  in  the  ex- 
posure pen  was  likewise  without  result  as  far  as  could  be  observed, 
though  a  mild  attack  at  this  time  may  have  passed  unobserved. 

June  13, 1906,  this  hog  received,  with  the  other  immunes,  a  prelim- 
inary injection  of  20  c.  c.  of  Scribner  disease-producing  blood  without 
any  symptoms  of  disease  being  caused. 

June  29,  1906,  hog  1297  was  injected  subcutaneously  with  175  c.  c. 
of  Syphax  disease-producing  blood.  Two  noninmiune  hogs  in- 
jected at  the  same  time  with  2  c.  c.  each  of  the  same  blood  died  of 
hog  cholera.     Hog  1297  remained  well. 

July  13, 1906,  hog  1297  was  injected  subcutaneously  with  440  c.  c.  of 
Syphax  disease-producing  blood  from  the  same  source  as  that  used 
for  the  injection  of  immunes  1310  and  1392  on  the  same  date.  All  of 
the  checks  injected  with  the  same  lot  of  blood  became  sick  and  either 
died  or  were  killed  to  furnish  blood  for  other  experiments.  Hog  1297 
remained  well  except  for  slight  soreness  following  the  injection. 

July  26,  1906,  hog  1297  was  again  injected  with  Syphax  disease- 
producing  blood,  the  dose  being  850  c.  c.  of  blood  from  the  same 
source  as  that  used  for  the  injection  of  immunes  1274  and  1310  on 
the  same  date.  As  previously  stated,  controls  injected  at  the  same 
time  became  sick  and  were  killed  to  furnish  blood  for  other  experi- 
ments.    Blood  was  drawn  from  immune  1294  as  follows: 

August  4,  1906,  390  c.  c.  defibrinated  blood  obtained. 
August  11,  1906,  300  c.  c.  defibrinated  blood  obtained. 
August  18,  1906,  500  c.  c.  defibrinated  blood  obtained. 
September  17,  1906,  360  c.  c.  defibrinated  blood  obtained. 

It  has  been  previously  stated  that  it  was  intended  to  use,  for  the 
production  of  hyperimmune  serum,  4  naturally  immune  hogs  and  4 
which  had  acquired  immunity  through  an  attack  of  hog  cholera. 
When  it  came  to  the  actual  working  out  of  this  plan,  however,  as  is 
shown  in  the  preceding  pages,  we  were  only  able  to  secure  1  hog 
(1392)  that  had  recovered  from  an  undoubted  attack  of  hog  cholera; 
2  others  (1286  and  1383)  had  shown  slight  though  not  characteristic 
symptoms  of  that  disease,  while  the  fourth  (1403),  among  those  that 
were  considered  as  having  acquired  immunity,  had  been  vaccinated 
in  1905,  but  had  not  shown  symptoms  of  illness  at  any  time  after 
being  vaccinated.  In  regard  to  this  last-mentioned  hog,  it  should 
be  noted  that  it  has  been  found  to  be  frequently  the  case  that  sus- 
ceptible hogs  may  show  no  symptoms  following  vaccination  and  yet 
may  secure  through  this  treatment  a  firm  and  lasting  immunity,  and 
we  believe  this  to  have  been  the  case  with  hog  1403.  The  remaining 
4  immunes,  1274,  1297,  1310,  and  1313,  were  not  vaccinated,  buft 
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nevertheless  they  showed  no  symptoms  of  disease  when  exposed  to 
hog  cholera,  and  we  may  therefore  with  a  reasonable  degree  of  assur- 
ance look  upon  these  hogs  as  being  naturaUy  immune.  From  what 
has  just  been  said  it  becomes  evident  that  the  plan  to  test  the  rela- 
tive capability  of  ** natural"  and  '* acquired"  immimes  to  produce  a 
potent  protective  serum  could  not  be  carried  out  on  as  extensive  a 
scale  as  was  desired,  but  nevertheless  it  was  hoped  that  considerable 
information  might  be  acquired  from  a  conj|>arison  of  serum  from  hog 
1392  with  serum  from  the  hogs  that  appeared  to  possess  a  natural 
immunity. 

VACCINATION  BZPBBIKBNTS  IN  1006. 

The  experiments  as  originally  planned  were  necessarily  modified 
more  or  less  owing  to  the  existence  of  conditions  which  could  not  be 
foreseen,  but  notwithstanding  the  fact  that  the  original  plan  was 
not  carried  out  in  all  instances  it  may  perhaps  lead  to  a  better  under- 
standing of  the  experiments  which  are  now  to  be  described  if  this 
plan  is  briefly  outlined. 

The  experiments  with  serum  from  each  of  the  hyperimmunized 
immunes  were  to  consist  of  two  sections,  (1)  preliminary  experiments 
and  (2)  secondary  experiments. 

Prdiminary  experiments. — ^These  experiments  were  designed  in  the 
main  to  determine  the  potency  of  the  immune  serum.  A  number 
of  nonimmune  hogs  were  to  be  injected  with  2  c.  c.  each  of  disease- 
producing  blood.  A  few  of  these  were  to  be  left  untreated  as  con- 
trols, while  the  others  were  to  receive  simultaneously  with  the  disease- 
producing  blood  varying  doses  of  the  immune  serum.  XJninooulated 
hogs  were  to  be  placed  in  the  pens  with  the  treated  as  well  as  the 
untreated  hogs  to  determine  the  likelihood  of  disease  being  trans- 
mitted by  the.  treated  hogs.  Any  survivors  from  the  preliminary 
experiments  were  to  be  reserved  for  exposure  to  hog  cholera  at  a 
later  date. 

Secondary  experiments. — ^These  were  intended  to  determine  many 
questions  of  practical  interest,  the  preliminary  experiments  having 
already  established  the  degree  of  potency  of  the  different  .sera  when 
injected  simultaneously  with  diseased  blood.  In  these  secondary 
experiments  four  lots  of  hogs  were  to  be  treated. 

Lot  1.  These  hogs  were  to  receive  disease-producing  blood  with 
the  minimum  dose  of  serum  required  to  protect. 

Lot  2.  These  were  to  receive  disease-producing  blood  with  double 
the  minimum  amoimt  of  serum  required  to  protect. 

Lot  3.  These  were  to  receive  the  minimum  amoimt  of  serum  alone. 

Lot  4.  This  lot  was  to  receive  the  maximum  amount  of  serum  alone. 

Controls  w^ere  of  coiu'se  to  be  injected  with  disease-producing  blood 
alone,  and,  as  in  the  preliminary  experiments,  hogs  were  to  be  placed 
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in  the  pens  with  the  treated  as  well  as  the  untreated  ones  to  deter- 
mine the  likelihood  of  disease  being  conveyed  to  others  by  contact. 
The  survivors  from  these  experiments  were  to  be  divided  into  two 
lots,  one  to  be  exposed  within  thirty  days  after  vaccination,  the  other 
to  be  placed  in  a  quarantine  pasture  and  not  subjected  to  exposure 
until  the  expiration  of  three  or  more  months.  As  will  be  explained 
later,  the  exposure  to  hog  cholera  could  not  be  carried  out  in  the 
manner  planned,  owing  U9  an  outbreak  of  disease  among  the  hogs  in 
the  quarantine  pasture. 

In  addition  to  carrying  out  these  preliminary  and  secondary  experi- 
ments, serum  from  certain  of  the  immimes  was  to  be  used  in  special 
experiments  with  suckling  pigs,  and  also  for  the  purpose  of  testing 
the  curative  value  and  the  keeping  quality  of  the  serum,  and  other 
questions  of  more  or  less  practical  importance.  Except  in  the  case 
of  these  special  experiments  the  tests  with  the  serum  from  the  Syphax 
and  Scribner  immunes  are  described  separately. 

TESTS  OF   SEBUM   FBOM   HOGS  HTPEBIMMUNIZED   WITH    BLOOD   FBOM 
THE   SCBIBNEB  OUTBBEAK. 

The  description  of  the  outbreak  from  which  this  strain  of  disease 
was  derived  has  already  been  given  on  page  20,  and  the  history  of 
the  immimes  with  the  details  of  hyperimmmiization  and  time  of  the 
various  blood  drawings  has  also  been  given. 

Sbrum  from  Immune  1286  (Quick  Method). 

Experiment  I. — Preliminary  experiment  with  first  drawing  of  serum. 

This  experiment  was  carried  out  in  accordance  with  the  plan  origi- 
nally decided  upon  for  all  preliminary  experiments.  Eight  hogs  were 
injected;  2  of  these  received  disease-producing  blood  simultaneously 
with  5  c.  c.  of  serum,  2  received  disease-producing  blood  with  10  c.  c. 
of  serum,  2  disease-producing  blood  with  15  c.  c.  of  serum,  and  2 
disease-producing  blood  alone.  These  four  lots  of  hogs  were  placed 
in  separate  pens  with  an  iminoculated  check  in  each  pen.  The  hogs 
which  received  only  5  c.  c.  and  10  c.  c.  of  immune  serum  with  the 
diseased  blood  became  distinctly  sick,  but  recovered;  the  uninocu- 
lated  checks  in  the  pens  with  these  did  not  contract  disease,  however, 
in  either  case;  the  2  hogs  which  received  15  c.  c.  of  immune  serum 
with  the  disease-producing  blood  did  not  become  sick,  and  their  pen 
check  also  remained  well.  The  2  hogs  which  received  disease- 
producing  blood  alone  sickened  and  died  promptly  after  injection, 
and  at  autopsy  exhibited  the  usual  lesions  of  hog  cholera;  the  unin- 
oculated  pen  check  with  these  last  2  hogs  contracted  disease  from 
them  and  showed  lesions  of  hog  cholera  when  destroyed  on  August 
4,  1906. 
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The  protective  power  of  1286  serum  is  well  shown  by  this  experi- 
ment, in  which  all  the  vaccinated  hogs  survived,  while  those  which 
received  disease-producing  blood  alone  died  promptly.  It  is  evi- 
dent also  that  5  c.  c.  of  this  serum  is  probably  the  least  amount  that 
would  protect,  as  even  those  which  received  10  c.  c.  showed  some 
signs  of  illness.  In  accordance  with  the  original  plan,  the  survivors 
from  this  experiment  were  placed  in  a  large  quarantine  pasture  to  be 
reserved  for  exposure  at  a  later  date. 

Many  other  hogs  which  had  been  treated  in  various  ways  with 
different  sera,  together  with  a  considerable  number  of  uninoculated 
control  animals,  were  placed  in  this  pasture  from  time  to  time  for  the 
same  purpose.  In  some  way  hog  cholera  was  accidentally  introduced 
into  this  pasture  toward  the  end  of  October,  1906,  as  shown  by  the 
sickness  and  death  of  some  of  the  hogs,  the  autopsies  reveaUng  typical 
lesions  of  hog  cholera.  The  first  hogs  to  show  symptoms  of  hog 
cholera  in  this  pasture  were  the  unvaccinated  controls  about  October 
15,  and  the  first  death  among  these  occurred  October  25.  This  acci- 
dental exposure,  to  which  a*  large  number  of  our  vaccinated  hogs  and 
imvaccinated  control  hogs  were  subjected,  resulted  in  the  death  of 
80  per  cent  of  all  the  unvaccinated  hogs. 

Table  4  shows  that  pen  checks  1522  and  1525,  which  were  placed 
in  the  quarantine  pasture  with  the  vaccinated  hogs,  both  died  of  hog 
cholera  as  a  result  of  this  exposure,  while  none  of  the  vaccinated  hogs 
were  made  sick.  Although  this  exposure  was  accidental,  it  occurred 
approximately  three  months  after  vaccination,  and  therefore  in  this 
instance  did  not  interfere  with  our  plans.  As  the  treated  hogs  did 
not  become  sick  from  the  pasture  exposure,  they  were  placed  in  the 
exposure  pen  where  hogs  sick  of  hog  cholera  (Scribner  disease)  were 
kept.  Conditions  in  this  pen  were  extremely  unfavorable  for  the 
general  health  of  the  hogs  exposed,  and  the  disease  was  very  virulent, 
as  shown  by  the  death  of  all  the  check  animals.  It  will  be  seen  from 
Table  4  that  treated  hogs  1520,  1521,  1523,  and  1524  all  became 
unthrifty.  One  of  these  was  killed  and  3  died  about  thirty  days  after 
being  placed  in  the  exposure  pen,  while  1526  and  1527,  the  2  remain- 
ing vaccinated  hogs,  remained  well.  None  of  the  first  4  hogs  men- 
tioned showed  any  of  the  lesions  of  hog  cholera  at  autopsy,  and  there 
seems  little  room  to  doubt  that  these  hogs  died  of  unthriftiness  and 
impaired  vitaUty  caused  by  the  original  vaccinating  dose.  It  will  be 
remembered  that  they  became  sick  after  vaccination,  and  they  should 
therefore  have  been  subsequently  much  more  resistant  to  hog  cholera 
than  the  2  hogs  (1526  and  1527)  which  showed  no  such  symptoms. 
We  consider  it  quite  evident,  therefore,  that  the  attack  of  hog  cholera 
brought  on  by  vaccination  weakened  the  constitution  of  those  which 
received  serum  in  doses  of  5  c.  c.  and  10  c.  c.  to  such  an  extent  that 
they  could  not  withstand  the  unfavorable  conditions  existing  in  the 
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exposure  pen.  The  deaths  of  the  checks  m  the  quarantine  pasture 
shows  that  the  pasture  exposure  was  sufficient  to  cause  the  death  of 
nonimmune  hogs.  The  fact  that  all  the  vaccinated  hogs  survived 
shows  that  when  given  the  same  exposure  at  the  end  of  three  months 
the  immunity  remained  quite  firm. 

Experiment  II. — Secondary  experiment  with  first  drawing  ofgerum. 

In  the  secondary  experiment  with  serum  from  immune  1286  the 
doses  of  serum  used  with  disease-producing  blood  were  10  c.  c,  which 
was  considered  the  minimum  safe  dose,  and  20  c.  c,  double  the 
amount  needed  to  surely  protect,  as  planned.  A  number  of  hogs  in 
this  experiment  were  also  mjected  with  serum  alone.  The  results 
which  followed  vaccination  are  in  complete  agreement  with  those 
obtained  in  Experiment  I.  The  3  hogs  injected  with  disease-produc- 
ing blood  alone  contracted  hog  cholera  and  died,  and  the  uninoculated 
hog  in  this  same  pen  also  died  of  hog  cholera  contracted  from  those 
which  received  the  disease-producing  blood  alone.  Of  6  hogs  injected 
with  diseased  blood  plus  10  c.  c.  of  serum,  all  became  sick  and  1  died; 
the  remaining  5  finally  recovered.  None  of  the  6  hogs  injected  with 
disease-producing  blood  plus  20  c.  c.  of  immune  serum  showed  any 
illness  after  vaccination,  and  those  injected  with  serum  alone  Ukewise 
remained  well.  One  of  the  2  pen  checks  exposed  to  the  lot  of  vacci- 
nated hogs  which  sickened  after  vaccination  contracted  hog  cholera 
and  was  killed;  the  other  remained  well. 

Nineteen  days  after  vaccination,  as  shown  by  Table  5,  half  of  the 
vaccinated  hogs  which  had  received  20  c.  c.  of  serum  with  disease- 
producing  blood  were  placed  in  the  Scribner  exposure  pen.  About 
the  same  time  2  hogs  which  had  received  20  c.  c.  of  serum  alone,  2 
which  received  10  c.  c.  of  serum  alone,  and  1  uninoculated  pen  check 
were  placed  in  the  same  exposure  pen.  Of  the  hogs  which  were  made 
sick  by  vaccination  with  10  c.  c.  of  serum  plus  diseased  blood,  3  were 
placed  in  the  exposure  pen  thirty-four  days  after  vaccination,  together 
with  1  pen  check. 

Both  of  the  pen  checks  (1569  and  1576)  which  were  placed  in  the 
exposure  pen  with  the  treated  hogs  died  of  hog  cholera,  although  not 
one  of  the  10  vaccinated  hogs  showed  any  visible  signs  of  illness. 

As  the  Scribner  strain  of  disease  had  been  used  exclusively  for  the 
hyperimmunization  of  hog  1286,  which  furnished  the  serum,  and  as 
the  diseased  blood  used  in  the  simultaneous  vaccination  was  of  the 
Scribner  strain,  and  furthermore  as  the  exposure  pen  in  which  these 
hogs  were  placed  to  test  their  immunity  contained  only  the  Scribner 
strain  of  disease,  it  was  deemed  desirable  to  ascertain  the  effect  of  a 
different  strain  of  disease  on  the  vaccinated  hogs.  An  exposure  pen 
containing  only  the  Syphax  strain  of  disease  was  therefore  prepared, 
and  hogs  1570,  1571,  1573, 1578,  1579,  1582,  and  1584  were  placed  in 
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it  about  September  15,  1906.  On  October  30,  1906, 
the  3  remaining  hogs  which  had  withstood  exposiire 
in  the  Scribner  exposure  pen  were  also  placed  in  the 
Syphax  exposure  pen.  None  of  the  vaccinated  hogs 
became  sick  as  a  result  of  this  second  exposure, 
although  an  unprotected  hog  exposed  at  the  same 
time  contracted  hog  cholera  and  died.  This  would 
indicate  that  the  serum  alone  served  to  confer  im- 
munity which  might  last  for  six  weeks,  although  the 
possibility  of  the  immunity  being  heightened  by  the 
exposure  in  the  Scribner  exposure  pen  can  not  be 
overlooked. 

The  remainder  of  the  vaccinated  hogs  in  Experi- 
ment II,  together  with  pen  check  1577,  none  of  which 
were  exposed  in  the  exposure  pen,  were  placed  in  the 
quarantine  pasture  to  await  a  later  exposure.  As  pre- 
viously explained,  however,  our  plans  in  this  respect 
were  interfered  with  by  an  imforeseen  outbreak  of 
hog  cholera  among  the  control  hogs  which  were  being 
kept  with  the  vaccinated  hogs  in  this  quarantine  pas- 
ture. This  outbreak  occurred  approximately  two 
and  one-half  months  after  vaccination  of  the  hogs  in 
Experiment  II.  The  vaccinated  hogs  in  this  experi- 
ment which  were  exposed  in  this  manner  consisted  of 
2  that  had  received  10  c.  c.  of  serum  with  2  c.  c.  of 
diseased  blood,  3  that  had  received  20  c.  c.  of  serum 
with  diseased  blood,  and  2  each  of  those  which  re- 
ceived 20  c.  c.  and  10  c.  c.  of  immune  serum  alone. 
(See  Table  5.)  One  of  those  that  had  received  10  c. 
c.  of  serum  alone  was  killed  by  other  hogs  the  day 
it  was  placed  in  the  pasture.  Check  hog  1577  died 
of  hog  cholera  as  a  result  of  this  exposure.  Of  the 
vaccinated  hogs,  both  of  those  injected  with  20  c.  c. 
of  serum  alone  died  of  hog  cholera;  the  remaining 
one  injected  with  10  c.  c.  of  serum  alone  died,  but  no 
marked  lesions  were  found  at  autopsy.  The  hogs 
which  were  given  10  c.  c.  and  20  c.  c.  of  serum 
simultaneously  with  diseased  blood  remained  well. 
The  3  hogs  vaccinated  with  20  c.  c.  of  serum  plus 
diseased  blood  which  remained  well  in  the  quaran- 
tine pasture  were  later  placed  in  the  Scribner  ex- 
posure pen,  where  they  again  remained  well. 

In  summarizing  the  experiments  with  the  first 
drawing  of  serum  from  immune  1286,  we  find  that 
18  hogs  were  treated  by  the  serum-simultaneous 
102-<}8 3 
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method,  the  dose  of  serum  varying  from  6  c.  c.  to  20  c.  c,  and  that  only 
one  of  these  died  from  the  vaccination,  although  all  that  received 
less  than  15  c.  c.  of  serum  became  sick.  Of  the  5  hogs  which  were 
injected  with  diseased  blood  alone,  all  died  of  hog  cholera.  Eight 
hogs  were  injected  with  serum  alone,  no  ill  effects  whatever  following 
the  injection. 

In  regard  to  the  exposure  to  hog  cholera  after  vaccination,  we  find 
that  all  vaccinated  hogs,  whether  treated  with  serum  alone  or  with 
a  combination  of  serum  and  disease-producing  blood,  were  rendered 
completely  immune  from  hog  cholera  for  at  least  three  weeks.  It 
appears,  however,  from  the  death  of  hogs  1580  and  1581  that  the 
scrum  of  immune  1286  when  given  alone,  even  in  doses  of  20  c.  c, 
does  not  afford  protection  to  hogs  weighing  from  25  -to  40  pounds  for 
as  long  as  two  and  one-half  months. 

In  so  far  as  the  first  dra¥dng  of  serum  from  immime  1286  is  con- 
cerned, we  may  conclude  that  (1)  when  given  in  sufficient  dose  it 
protects  hogs  completely  from  a  fatal  dose  of  disease-producing  blood 
administered  simultaneously  with  the  serum;  (2)  that  the  hogs 
which  survive  vaccination  by  the  serum-simultaneous  method  are 
rendered  immune  for  a  period  of  at  least  two  and  one-half  months; 
(3)  that  hogs  which  show  no  visible  reaction  after  this  treatment 
are  rendered  quite  as  resistant  as  those  which  were  made  distinctly 
sick  by  the  protective  inoculation;  (4)  if  a  sufficient  dose  of  serum  is 
not  given  with  the  disease-producing  blood  the  vitality  of  the  vacci- 
nated hog  is  apt  to  be  impaired;  (5)  hogs  vaccinated  with  serum 
alone  are  rendered  immune  for  a  period  of  three  weeks,  but  this  immu- 
nity does  not  last  two  and  one-half  months;  (6)  uninoculated  hogs 
placed  in  pens  with  others  vaccinated  by  the  serum-simultaneous 
method  did  not  contract  hog  cholera  from  them  unless  the  vaccinated 
hogs  themselves  became  distinctly  sick. 

Serum  from  Immune  1313  (Quick  Method). 
Experiment  III. — Preliminary  experiment  with  first  drawing  ofterum. 

This  experiment  was  carried  out  in  the  same  maimer  as  Experi- 
ment I,  the  doses  of  immune  serum  being  5  c.  c,  10  c.  c,  and  15  c.  c; 
at  the  same  time  each  hog  waa  injected  subcutaneously  with  2  c.  c.  of 
disease-producing  blood.  Controls  were  injected  at  the  same' time 
with  an  equal  amount  of  the  same  disease-producing  blood  alone. 
Of  the  6  hogs  treated  with  both  serum  and  disease-producing  blood, 
none  showed  any  symptoms  of  sickness  after  vaccination,  although 
both  of  the  hogs  which  were  injected  with  an  equal  amount  of  the 
same  disease-producing  blood  alone  became  very  sick  and  one  of 
them  died.    The  p^n  checks  which  were  placed  with  each  lot  of 


Digitized  by  V3OOQ IC 


EXPEBIMENTS  WITH  SEBUM  FBOM   SCRIBNEB   IMMUNES.  85 

Yaccinated  hogs  did  not  contract  disease  from  them,  but  the  pen 
check  with  the  controls  1751  and  1752  contracted  disease  from  them 
and  died. 

Approximately  three  weeks  after  vaccination  all  of  the  treated 
hogs  with  their  pen  checks  were  placed  in  the  quarantine  pasture. 
(See  Table  6.)  The  accidental  outbreak  of  hog  cholera  in  this  pasture 
began  about  this  time,  so  that  these  hogs  may  be  considered  as  having 
been  exposed  to  disease  about  the  time  that  they  were  placed  in  the 
pasture.  None  of  the  vaccinated  hogs  became  sick  as  a  result  of  this 
exposure;  2  of  the  pen  checks  became  sick  and  1  died;  the  remaining 
check  did  not  show  symptoms  of  sickness.  At  a  later  date,  in  order 
to  further  test  their  immunity,  the  vaccinated  hogs,  with  the  check 
which  did  not  become  sick  in  the  pasture,  were  placed  in  the  Scrib- 
ner  exposure  pen,  but  none  of  them  became  sick. 

Experiment  IV. — Secondary  experiment  with  first  drawing  of  serum. 

The  second  experiment  with  this  serum  was  carried  out  in  the 
maimer  planned  for  secondary  experiments  except  that  the  min- 
imum dose  of  serum  used  was  10  c.  c,  even  though  5  c.  c.  had  given 
protection  in  the  preliminary  experiment.  That  this  dose  was  not  too 
great  is  shown  by  the  sickness  and  death  of  one  of  the  serum-simul- 
taneous vaccinated  hogs  that  received  10  c.  c.  of  serum.  As  may  be 
seen  from  Table  7,  6  hogs  were  injected  with  10  c.  c.  of  serum  plus 
2  c.  c.  of  disease-producing  blood,  while  6  received  20  c.  c.  of  serum 
with  the  disease-producing  blood.  Four  hogs  were  injected  with  10 
c.  c.  of  serum  alone  and  a  like  number  received  20  c.  c.  of  serum 
alone.  Two  hogs  were  injected  with  disease-producing  blood  alone. 
In  order  to  test  the  likelihood  of  hog  cholera  being  conveyed  through 
the  agency  of  vaccinated  hogs,  2  untreated  healthy  hogs  were  placed 
in  each  pen  with  the  serum-simultaneous  vaccinated  hogs,  and  as  a 
control  1  was  placed  in  the  pen  with  the  2  hogs  that  received  disease- 
producing  bk>od  only. 

Of  the  6  hogs  that  received  10  c.  c.  of  serum  with  disease-producing 
blood,  1  became  sick  and  died,  showing  at  autopsy  the  lesions  of  hog 
cholera.  One  of  the  hogs  that  was  given  20  c.  c.  of  serum  with 
disease-producing  blood  died  nearly  seven  weeks  after  vaccination, 
but  the  symptoms  and  lesions  exhibited  by  this  hog  were  such  that 
a  positive  diagnosis  of  hog  cholera  could  not  be  made.  The  other 
vaccinated  hogs  remained  well,  as  did  all  of  the  checks  in  the  pens 
with  the  vaccinated  hogs.  Both  of  the  hogs  that  were  given  disease- 
producing  blood  alone  died  of  hog  cholera,  and  their  check  contracted 
the  disease  from  them  and  died. 

All  of  the  surviving  serum-simultaneous  vaccinated  hogs  were 
exposed  to  infection  at  the  same  time,  4  being  placed  in  the  pasture 
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and  6  in  the  Scribner  exposure  pen  fifteen  days  after  vaccination. 
None  of  these  hogs  became  distinctly  sick,  though  hogs  1780  and 
1788,  which  were  exposed  in  the  pasture,  became  unthrifty.  Three 
of  the  hogs  that  survived  the  exposure  in  the  pasture  were  placed 
in  the  Scribner  exposure  pen  two  months  and  twelve  days  after  vac- 
cination in  order  to  further  test  their  immunity.  Of  these  3  hogs  1, 
No.  1780,  finally  died  more  than  three  months  after  vaccination. 
The  only  lesion  of  hog  cholera  found  at  the  autopsy  of  this  hog  was 
a  single  button  ulcer  in  the  cecum.  In  view  of  the  lack  of  acute 
lesions  and  the  unthriftiness  which  preceded  the  last  exposure,  it 
seems  probable  that  this  hog  had  contracted  hog  cholera  before 
being  placed  in  the  Scribner  exposure  pen,  and  indeed  the  unthrifti- 
ness of  this  hog  in  the  pasture  may  have  been  caused  by  a  light 
attack  of  hog  cholera  following  vaccination,  the  one  ulcer  found  at 
autopsy  being  the  only  trace  left  of  that  attack. 

Four  of  the  hogs  that  were  treated  with  serum  alone  were  placed 
in  the  Scribner  exposure  pen  nineteen  days  after  vaccination,  while 
the  remaining  4  were  first  exposed  three  months  and  twenty-one 
days  after  vaccination.  Of  the  first  lot,  2  remained  well,  while  2 
died  of  hog  cholera;  2  checks  exposed  at  the  same  time  died  of  hog 
cholera.  The  amount  of  serum  injected  did  not  seem  to  affect  the 
result  of  this  exposure,  as  one  of  the  survivors  had  received  10  c.  c.  and 
the  other  20  c.  c.  of  serum.  Of  the  4  that  were  first  exposed  three 
months  and  twenty-one  days  after  injection  of  the  serum,  all  died, 
and  the  pen  check  exposed  at  the  same  time  also  died  of  hog  cholera. 
Summary  of  experiments  with  serum  from  immune  13 IS. 

In  all,  18  hogs  were  treated  by  the  serum-simultaneous  method, 
the  serum  being  used  in  doses  of  5  c.  c,  10  c.  c,  15  c.  c.  and  20  c.  c. 
Of  these,  2  became  sick  and  died,  though  it  was  impossible  to  make 
a  positive  diagnosis  of  hog  cholera  in  the  case  of  one  of  them.  In 
the  case  of  one  other  hog  (1780)  there  is  also  some  doubt  whether 
death  resulted  from  vaccination  or  from  subsequent  exposure  to 
disease,  but  for  convenience  jn  summarizing,  and  because  no  symp- 
toms of  illness  were  observed  after  vaccination,  the  death  of  the  hog 
is  counted  as  due  to  exposure. 

To  determine  the  virulence  of  the  disease-producing  blood  used  in 
the  serum-simultaneous  vaccinations,  4  hogs  were  injected  with  dis- 
ease-producing blood  alone.  All  of  these  became  sick  and  3  died. 
Seven  uninoculated  hogs  were  placed  in  pens  with  the  vaccinated 
hogs,  arid  all  remained  well.  Two  similar  unvaccinated  hogs  which 
were  placed  in  pens  with  those  injected  with  disease-producing  blood 
alone  died  of  hog  cholera.  None  of  the  hogs  injected  with  serum 
alone  were  made  sick  by  the  injection. 

In  testing  the  immunitj''  of  the  treated  hogs,  16  that  were  vacci- 
nated by  the  serum-simultaneous  method  were  exposed  to  hog  cholera 
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from  fifteen  to  nineteen  days  after  vaccination,  and  all  remained 
well  except  1780,  which  became  unthrifty.  Three  of  these  hogs 
which  had  been  exposed  originally  in  the  pasture  were  again  exposed 
by  being  placed  in  the  Scribner  exposure  pen  seventy-three  days 
after  vaccination.  One  of  these  (1780)  finally  died  as  described 
above;  the  other  2  remained  well. 

Of  8  hogs  that  were  treated  with  serum  alone,  none  became  sick 
from  treatment,  but  6  died  when  exposed  to  infection  from  nineteen 
days  to  three  months  and  twenty-one  days  after  vaccination.  It 
is  worthy  of  note  that  the  2  survivors  were,  with  2  others  that  suc- 
cumbed, exposed  only  nineteen  days  after  vaccination.  Of  7  imvac- 
cinated  check  hogs  exposed  along  with  the  treated  hogs,  6  became 
sick  and  5  died. 

The  following  conclusions  may  be  drawn  from  the  experiments 
with  first  drawing  of  serum  from  immune  1313 : 

(1)  Serum  from  inmiune  1313  was  sufiiciently  potent  to  protect 
the  great  majority  of  the  injected  hogs  from  a  fatal  dose  of  disease- 
producing  blood  adminsitered  simultaneously  with  the  serum. 

(2)  Hogs  treated  by  the  serum-simultaneous  method,  even  though 
they  became  slightly  sick,  did  not  convey  the  disease  to  noninununes 
by  association. 

(3)  Hogs  vaccinated  by  a  simultaneous  injection  of  serum  and 
disease-producing  blood  remained  inmiune  for  at  least  fifteen  days 
after  vaccination.^ 

(4)  Immunity  subsequent  to  vaccination  in  hogs  which  received 
the  maximum  dose  of  serum  with  disease-producing  blood  was  quite 
as  firm  as  in  those  that  received  the  minimum  dose  in  the  same 
manner. 

(5)  The  immunity  conferred  by  the  serum  of  hog  1313  when 
administered  alone  in  doses  of  10  c.  c.  and  20  c.  c.  did  not  persist  in 
full  force  for  as  long  as  nineteen  days,  and  at  the  end  of  three  months 
and  twenty-one  days  it  seemed  to  have  completely  disappeared. 

Serum  from  Immune  1383  (Slow  Method). 

Experiment  V. — Preliminary  experiment  with  first  drawing  of  serum. 

This  first  experiment  with  the  first  drawing  of  blood  from  immune 
1383  was  carried  out  in  exactly  the  same  manner  as  the  preliminary 
experiments  with  the  serum-simultaneous  method,  the  serum  being 
given  in  doses  of  5  c.  c,  10  c.  c,  and  16  c.  c.  Two  hogs  were  injected 
with  disease-producing  blood  alone,  and  1  miinoculated  hog  was 
placed  in  each  of  the  foiu*  pens  used  in  this  experiment.  Table  8 
shows  that  none  of  the  vaccinated  hogs  became  sick  after  treatment, 
nor  did  any  of  the  check  hogs  in  the  same  pens  contract  disease  from 

<^  Other  experiments  have  shown  that  immunity  following  serum-simultaneous  injec- 
tions lasts  much  longer  than  this. 
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them.  Both  of  the  hogs  which  were  injected  with  the  same  dose 
of  the  same  disease-producing  blood  as  that  used  on  the  yaccinated 
hogs  but  without  the  serum,  contracted  hog  cholera  and  died,  and 
the  pen  check  with  these  2  hogs  contracted  hog  cholera  from  them, 
but  recovered. 

The  6  vaccinated  hogs  with  their  3  pen  checks  were  placed  in  the 
quarantine  pasture  and  were  there  accidentally  exposed  to  disease 
about  two  and  one-half  months  after  vaccination;  as  a  result  of  this 
exposure  all  3  of  the  checks  died  of  hog  cholera,  while  the  vaccinated 
hogs  remained  well. 

Five  of  the  vaccinated  hogs  had  their  immunity  further  tested 
by  being  placed  in  the  Scribner  exposure  pen  a  Uttle  more  than 
three  and  one-half  months  after  vaccination.  They  again  remained 
well,  although  the  disease  to  which  they  were  exposed  was  quite 
virulent. 

The  protection  a£Porded  against  a  fatal  dose  of  disease-producing 
blood  by  even  6  c.  c.  of  serum  from  immune  1383  was  apparently 
complete.  Instead  of  proceeding  with  a  secondary  experiment  in 
the  usual  manner  it  was  decided  to  determine  the  minimum  amount 
of  this  serum  required  to  protect  against  a  fatal  dose  of  diseased 
blood. 

Experiment  VI. — Second  experiment  with  first  drawing  of  serum. 

No  hogs  were  injected  with  serum  alone  in  this  experiment,  all 
vaccinations  being  made  by  the  serum-simultaneous  method.  The 
doses  of  serum  used  were  reduced  to  2i  c.  c,  5  c.  c,  and  7i  c.  c, 
and  only  1  c.  c.  of  disease-producing  blood  was  used.  This  dose  of 
blood  was  only  half  of  that  heretofore  employed,  but  notwithstand- 
ing this  it  proved  to  be  quite  sufficient  to  infect  unprotected  hogs, 
for  all  of  the  hogs  which  received  1  c.  c.  of  the  disease-producing 
blood  alone  died  of  hog  cholera,  and  the  pen  check  exposed  to  them 
likewise  contracted  the  disease  and  died. 

Of  the  6  vaccinated  hogs,  Nos.  1600  and  1601,  which  received 
only  2i  c.  c.  of  serum  with  the  disease-producing  blood,  became 
slightly  sick  after  vaccination;  the  remaining  vaccinated  hogs 
which  received  larger  doses  of  serum  showed  no  symptoms  of  dis- 
ease, and  none  of  the  pen  checks  exposed  to  the  vaccinated  hogs 
became  sick.  All  of  the  vaccinated  hogs  with  the  pen  checks  were 
moved  to  the  quarantine  pasture  and  were  there  exposed  to  hog 
cholera  approximately  two  months  after  vaccination.  Two  of  the 
3  pen  checks  died  as  a  result  of  this  exposure  and  at  autopsy  typical 
lesions  of  hog  cholera  were  found.  The  third  check  evidently  pos- 
sessed a  high  degree  of  natural  resistance  to  the  disease,  for  it  did 
not  become  distinctly  sick  in  the  pasture  nor  in  the  exposure  pen, 
where  it  was  placed  later. 
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Two  of  the  6  vaccinated  hogs  died  while  in  the  quarantine  pasture; 
the  remaining  4  did  not  become  sick.  From  the  autopsy  findings 
there  seems  to  be  little  room  for  doubt  that  the  death  of  hog  1600,  1 
of  the  2  that  died  in  the  quarantine  pasture,  was  due  to  hog  cholera. 
It  has  been  stated  that  this  hog  showed  symptoms  of  illness  shortly 
after  vaccination.  If  this  was  due  to  a  mild  attack  of  hog  cholera,  as 
was  probably  the  case,  then  it  is  hardly  conceivable  that  the  hog 
could  have  contracted  hog  cholera  in  the  pasture,  unless  indeed  this  be 
a  rare  instance  of  failure  to  acquire  immunity  through  an  attack  of 
the  disease.  It  seems  to  us  more  likely  that  hog  1600  never  com- 
pletely recovered  from  the  mild  attack  of  hog  cholera  which  followed 
vaccination,  and  that  when  placed  in  the  rather  crowded  quarantine 
pasture  it  succumbed.  The  autopsy  showed  only  the  lesions  which 
are  found  in  the  chronic  type  of  hog  cholera.  The  death  of  hog  1604, 
the  other  vaccinated  animal  which  died  in  the  pasture,  can  not  be 
explained  in  the  same  way,  for  this  hog  did  not  show  symptoms  of  ill- 
ness following  vaccination,  and  its  death,  if  caused  by  hog  cholera,  was 
no  doubt  due  to  a  failure  of  the  vaccine  to  afford  protection  for  two 
months,  the  time -which  intervened  between  vaccination  and  expo- 
sure. The  fact,  however,  that  hog  1603  (treated  in  the  same  man- 
ner as  hog  1604),  hog  1601,  which  received  half  as  much  serum,  and 
hogs  1606  and  1607,  which  received  more  serum,  all  remained  well, 
though  subjected  to  the  same  exposure  as  hog  1604,  points  strongly  to 
the  likelihood  that  the  death  of  hog  1604  was  due  to  unusual  suscepti- 
bility, or  else  to  some  cause  other  than  hog  cholera.  This  latter  possi- 
bility must  not  be  overlooked,  as  the  lesions  found  at  autopsy  were  not 
typical  of  that  disease  and  as  the  conditions  in  the  pasture  were  not 
conducive  to  thriftiness.  Three  of  the  surviving  vaccinated  hogs — 
1601,  1603,  and  1606 — ^were  later  placed  in  the  Scribner  exposure  pen, 
where  they  again  remained  well. 

Experiments  V  and  VI  show  that  the  minimum  amount  of  serum 
frcJln  hog  1383  required  to  protect  with  certainty  from  a  simultaneous 
injection  of  a  lethal  dose  of  disease-producing  blood  probably  lies  in 
the  neighborhood  of  5  c.  c.  for  hogs  weighing  from  30  to  35  pounds. 

Experiment  VII. — Second  drawing  of  serum  from  immune  1S8S. 

It  will  be  remembered  that  blood  was  drawn  from  each  of  the 
immunes  at  different  times  after  hyperimmunization,  but  in  the  experi- 
ments heretofore  described  only  serum  from  the  first  drawings  of 
blood  was  used.  In  Experiments  VII  and  VIII  serum  from  the  sec- 
ond and  third  drawings  of  blood  from  hog  1383  were  tested,  and 
although  no  attempt  was  made  to  determine  accurately  the  potency  of 
this  serum,  doses  of  10  c.  c.  were  found  to  give  full  protection  from  a 
lethal  dose  of  disease-producing  blood. 
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Table  10  shows  that  4 
hogs  vaccinated  by  a  si- 
multaneous in  j  ection  of  dis- 
ease-producing blood  and 
the  second  drawing  of  se- 
rum remained  well,  al- 
though 3  checks  which  re- 
ceived the  disease-produc- 
ing blood  alone  all  died  of 
hog  cholera.  In  this  ex- 
periment 2  hogs  were  also 
injected  with  serum  alone. 
These  2  were  placed  in  the 
Scribner  exposure  pen  sev- 
enteen days  after  receiving 
the  serum  inj ection.  They 
remained  well  there  and 
were  removed  to  the  Sy- 
phax  exposure  pen  four 
weeks  later,  and  here  they 
again  remained  well.  The 
virulence  of  the  disease  to 
which  they  were  exposed  in 
the  Syphax  pen  is  shown 
by  the  death  of  unprotected 
checks  exposed  to  the  same 
infection.  (See  Experiment 
XVI.) 

The  4  hogs  vaccinated 
by  the  serum-simultaneous 
method  were  placed  in  the 
quarantine  pasture,  and 
were  there,  with  a  number 
of  others,  accidentally  ex- 
posed to  infection  approxi- 
mately six  weeks  after 
vaccination.  They  all  re- 
mained well  and  were  trans- 
ferred to  the  Scribner  ex- 
posure pen  three  and  one- 
half  months  after  vaccina- 
tion. No  symptoms  of  dis- 
ease followed  tliis  second 
exposure. 
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Experiment  VIII.— r^rrf  draw- 
ing of  nerum  from  immune 
1S8S. 

This  experiment  with  the 
third  drawing  of  serum  was 
conducted  in  the  same  man- 
ner as  the  experiment  with 
the  second  drawing,  except 
that  no  hogs  were  vaccinated 
with  serum  alone.  The  re- 
sults were  in  entire  accord 
with  those  of  Experiment 
VII.  The  4  hogs  vaccinated 
by  the  serum-simultaneous 
method,  the  serum  being 
given  in  doses  of  10  c.  c.  and 
20  c.  c.  remained  perfectly 
well.  The  death  of  the  3 
control  hogs,  1661, 1662,  and 
1663,  shows  the  virulence  of 
the  diseased  blood  used  in 
the  experiment.  The  vac- 
cinated hogs  were  exposed 
to  hog  cholera  in  the  quaran- 
tine pasture  six  weeks  after 
vaccination,  and  were  given 
a  later  exposure  in  the  Scrib- 
ner  exposure  pen;  none  of 
them  showed  any  symptoms 
of  illness  following  either  ex- 
posure. 

Summary  of  experiments  with  serum 
from  immune  138S. 

In  summarizing  the  results 
obtained  with  the  serum 
from  immune  1383,  it  should 
be  noted  first  of  all  that  in 
so  far  as  our  results  indicate 
there  is  no  difference  in  the 
protective  power  of  the  first, 
second,  and  third  drawings, 
although  it  is  true  that  no 
attempt  was  made  to  deter- 
mine the  minimum  dose  of 
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serum  of  the  second  and  third  drawings  required  to  protect  from  a 
fatal  dose  of  diseased  blood. 

In  all,  20  hogs  were  treated  by  the  serum-simultaneous  method, 
the  doses  of  serum  used  varying  from  2i  c.  c.  to  20  c.  c,  and  the  dose 
of  disease-producing  blood  being  from  1  c.  c.  to  2  c.  c.  to  each  hog. 
At  the  same  time  12  hogs  were  injected  with  equivalent  doses  of  the 
same  disease-producing  blood  alone.  Of  the  20  vaccinated  hogs  only 
1  (1600)  died  from  the  treatment,  and  this  hog  received  but  2^  c.  c. 
of  serum.  Of  the  12  hogs  which  received  the  same  disease-producing 
blood  without  any  serum  all  died. 

In  the  pens  with  the  hogs  vaccinated  by  the  serum-simultaneous 
method,  6  checks  were  used  to  determine  the  Ukelihood  of  the  disease 
being  transmitted  by  vaccinated  hogs.  None  of  these  checks  became 
sick,  but  of  4  checks  placed  in  the  pens  with  hogs  injected  with 
disease-producing  blood  only,  all  contracted  disease. 

Of  the  19  hogs  which  survived  vaccination  by  the  serum-simulta- 
neous method,  all  were  exposed  to  hog  cholera  in  the  quarantine 
pasture  from  six  weeks  to  two  and  one^half  months  after  vaccination. 
Only  1  died  from  this  exposure  (1604),  and,  as  previously  explained, 
we  can  not  be  quite  certain  that  this  death  was  really  due  to  hog 
cholera.  Six  pen  checks,  which  had  remained  well  during  exposure 
to  the  vaccinated  hogs,  were  exposed  in  the  pasture  with  the  vacci- 
nated animals,  and  as  a  result  5  died  of  hog  cholera. 

Only  2  hogs  were  vaccinated  with  serum  alone.  These  were  first 
exposed  to  disease  seventeen  days  after  vaccination  and  remained 
well.  Later  exposure  to  disease  in  the  Scribner  and  Syphax  expo- 
sure pens  did  not  produce  sickness  in  these  hogs. 

From  the  results  of  the  experiments  with  serum  from  hog  1383  we 
may  draw  the  following  conclusions: 

1.  Serum  from  hog  1383,  when  given  in  sufficient  dose,  protects 
nonimmunes  from  an  otherwise  fatal  dose  of  disease-producing  blood 
administered  simultaneously  with  the  serum. 

2.  The  serum  alone  in  doses  of  10  c.  c.  protects  from  infection 
occurring  within  17  days  after  the  administration  of  the  serum. 

3.  Immunity  conferred  by  the  serum-simultaneous  method  lasts 
for  two  and  one-half  months  at  least. 

4.  Hogs  treated  by  the  serum-simultaneous  method,  and  which  are 
not  made  ill  by  vaccination,  do  not  communicate  hog  cholera  to  non- 
immunes by  association. 

5.  The  duration  of  immunity  produced  by  the  serum-simultaneous 
method  of  vaccination  does  not  seem  to  be  shortened  by  increasing 
the  dose  of  the  serum  considerably  above  the  amount  necessary  to 
prevent  the  occurrence  of  a  distinct  reaction. 
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Serum  from  Immune  1403  (Slow  Method). 

Although  two  separate  experiments  were  carried  out  with  serum 
from  immime  1403,  very  small  doses  of  serum  were  not  used^  the 
experiments  previously  noted  having  shown  that  except  in  the  case 
of  unusually  potent,  serum,  such  as  that  from  inmume  1383,  10  c.  c. 
was  as  small  a  dose  as  could  be  relied  upon. 

Experiment  IX. — Preliminary  experiment  with  first  drawing  of  ierum  from 

immune  140S. 

In  this  experiment  only  the  serumnsimultaneous  method  of  vac- 
cination was  used.  Six  hogs  were  vaccinated,  the  dose  of  serum 
being  10  c.  c,  15  c.  c,  and  20  c.  c.  The  same  amount  of  disease- 
producing  blood,  2  c.  c,  was  used  in  all  cases,  and  controb  were 
inoculated  with  2  c.  c.  of  the  same  disease-producing  blood  alone. 
Only  1  (1553)  of  the  6  treated  hogs  showed  signs  of  sickness  after 
vaccination,  while  all  of  the  hogs  that  were  injected  with  the  disease- 
producing  blood  alone  died  of  hog  cholera.  The  pen  checks  exposed 
to  the  vaccinated  hogs  did  not  become  sick,  although  the  check 
exposed  to  the  hogs  which  received  disease-producing  blood  alone 
contracted  hog  cholera  and  died. 

Several  weeks  after  vaccination  6  of  the  treated  hogs  with  their  3 
pen  checks  were  placed  in  the  quarantine  pasture,  and  4  of  them  were 
there  exposed  to  hog  cholera  approximately  two  and  one-half  months 
after  vaccination.  It  will  be  remembered  that  this  outbreak  of  disease 
in  the  quarantine  pasture  occurred  about  October  15,  1906,  so  that 
hog  1549,  which  died  September  16  (see  Table  12),  was  not  exposed  to 
hog  cholera  after  vaccination.  Of  the  4  vaccinated  hogs  which  were 
exposed  in  the  pasture,  none  showed  symptoms  of  hog  cholera,  though 
1  became  unthrifty.  All  3  of  the  pen  checks  died  in  the  pasture  and 
at  autopsy  showed  distinct  lesions  of  hog  cholera. 

The  4  vaccinated  hogs  which  survived  this  exposure  were  placed  in 
the  Scribner  exposure  pen  three  and  one-half  months  after  vaccina- 
tion. One  of  these  4  hogs  (1556)  was  unthrifty  when  placed  in  the 
exposure  pen  and  died  about  two  weeks  after  exposure.  The  autopsy 
did  not  disclose  lesions  of  hog  cholera  and  the  death  was  probably  due 
to  other  causes.  Hog  1552,  another  one  of  those  placed  in  the  Scrib- 
ner exposure  pen,  also  died  a  short  while  after  exposure,  but  did  not 
show  positive  lesions  of  hog  cholera  at  autopsy.  This  hog  when  ex- 
posed was  small  and  unthrifty,  and  while  we  can  not  state  the  cause  of 
death  with  certainty,  there  is  a  strong  probability  that,  as  in  the  case 
of  hog  1556,  the  death  was  not  due  to  hog  cholera.  The  other  2 
vaccinated  hogs  remained  well  in  the  exposure  pen. 
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Experiment  X. — Second  experimtnl  with  first  drawing  of  serum  from  immune  14OS. 

In  Experiment  X  12  hogs  were  treated  by  the  serum-simultaneous 
method,  half  of  these  being  given  10  c.  c.  and  the  other  half  20  c.  c.  of 
serum.  Eight  hogs  were  given  serum  alone  in  doses  of  10  c.  c.  and  20 
c.  c,  and  4  hogs  were  given  disease-producing  blood  alone  in  the  same 
dose  as  was  used  for  the  serum-simultaneous  vaccinations.  Checks 
were  placed  in  the  pens  with  both  of  the  serum-simultaneous  lots  of 
hogs  and  also  with  those  injected  with  disease-producing  blood  alone. 
Table  13  shows  that  none  of  the  vaccinated  hogs  became  sick,  nor  did 
they  communicate  disease  to  the  exposed  pen  checks.  All  of  the  hogs 
which  received  disease-producing  blood  alone  died,  and  they  commu- 
nicated hog  cholera  to  the  check  which  was  placed  in  the  pen  with 
them. 

For  the  purpose  of  testing  the  subsequent  immunity  of  the  vacci- 
nated hogs,  these  were  divided  into  two  lots.  One  lot  was  to  be  ex- 
posed to  hog  cholera  within  a  few  weeks  after  vaccination,  while  the 
other  was  not  to  be  exposed  for  several  months.  The  first  lot  was 
exposed  in  the  Scribner  exposure  pen,  4  of  the  hogs  treated  by  serum 
alone  being  placed  there  thirteen  days'  after  vaccination.  These 
were  followed  eleven  days  later  by  6  of  those  treated  by  the  serum- 
simultaneous  method  (see  Table  13)  and  1  of  the  pen  checks.  This 
pen  check  died  of  hog  cholera;  1  of  the  hogs  vaccinated  with  serum 
alone  became  very  slightly  sick,  but  recovered.  The  other  vaccinated 
hogs  remained'  well,  but  in  order  to  secure  further  data  concerning 
the  behavior  of  hogs  immune  from  one  strain  of  disease  when  ex- 
posed to  another  all  of  these  vaccinated  hogs  were  later  placed  in 
the  Syphax  exposure  pen,  where  they  all  remained  well. 

The  other  lot  of  vaccinated  hogs  in  this  experiment,  with  2  checks, 
was  placed  in  the  quarantine  pasture  and  there  exposed  to  hog 
cholera  seven  weeks  after  vaccination.  Both  checks  contracted  hog 
cholera;  one  died,  and  the  other  was  killed  when  in  a  moribund  con- 
tion,  and  at  autopsy  showed  typical  lesions  of  that  disease.  One  of 
the  hogs  (1638)  treated  with  serum  alone  also  became  sick  following 
this  exposure  and  died  of  hog  cholera,  as  did  hog  1628,  which  was 
treated  with  20  c.  c.  of  serum  plus  2  c.  c.  of  disease-producing  blood. 
None  of  the  other  vaccinated  hogs  became  sick,  and  all  of  them, 
except  hog  1620,  which  was  unthrifty,  were  placed  in  the  Scribner 
exposure  pen  about  four  months  after  vaccination.  None  of  them 
contracted  hog  cholera  from  this  exposure. 

Summitry  of  experiments  with  serum  from  immune  1403, 

Only  the  first  drawing  of  serum  was  used.  In  all  18  hogs  were 
treated  by  the  serum-simultaneous  method,  the  doses  of  serum  given 
in  conjunction  with  2  c.  c.  of  disease-producing  blood  being  10  c.  c, 
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15  c.  c,  and  20  c.  c.  Of  these  18  hogs  1  became  slightly  sick  as  a 
result  of  vaccination  but  soon  recovered,  while  the  others  remained 
well.  As  controls  on  the  virulence  of  the  disease-producing  blood, 
as  well  as  on  the  protective  power  of  the  serum,  7  hogs  were  injected 
with  disease-producing  blood  alone  in  the  same  dose  as  that  given  the 
vaccinated  hogs.  All  of  these  controls  died  of  hog  cholera.  To  test 
the  danger  of  vaccinated  hogs  conveying  the  disease  to  nonimmunes, 
6  checks  were  exposed  in  the  pens  with  those  treated  by  the  serum- 
simultaneous  method.  None  of  these  checks  became  sick,  although 
the  2  checks  exposed  to  hogs  injected  with  disease-producing  blood 
alone  contracted  hog  cholera,  as  was  to  be  expected. 

Of  the  18  hogs  treated  by  the  serum-simultaneous  method  which 
were  exposed  to  infection  at  various  times  after  vaccination,  1  con- 
tracted hog  cholera  and  died;  none  of  the  others  became  sick. 

Of  8  hogs  treated  with  the  serum  alone,  1  contracted  hog  cholera 
when  exposed  seven  weeks  after  vaccination;  the  others  remained 
well. 

Of  6  unvaccinated  hogs  exposed  along  with  the  treated  animals, 
all  died  of  hog  cholera. 

These  experiments  warrant  the  following  conclusions: 

(1)  Serum  from  immune  1403  when  given  in  suflScient  doses  aifords 
perfect  protection  from  an  otherwise  fatal  dose  of  disease-producing 
blood  administered  simultaneously. 

(2)  Hogs  vaccinated  by  the  serum-simultaneous  method,  with  rare 
exceptions,  remain  immune  for  at  least  seven  weeks  after  vaccination. 

(3)  Hogs  treated  by  the  serum-simultaneous  method,  if  not  made  ill 
.  by  the  treatment,  do  not  convey  hog  cholera  to  others  by  association. 

(4)  For  seven  weeks  after  vaccination  immunity  in  hogs  treated 
with  serum  alone  is  as  firm  as  in  those  treated  by  the  serum-simul- 
taneous method. 

(5)  Hogs  immunized  from  one  strain  of  hog  cholera  are  also  im- 
mime  from  other  strains  of  the  same  disease. 

TESTS    OF    SEBUM    FROM    HOGS    HYPERIMMUNIZED    WITH    BLOOD    FROM 

THE  SYPHAX  OUTBREAK. 

Serum  from  Immune  1392  (Quick  Method). 

Experiment  XI. — First  drawing  of  serum. 

The  results  obtained  in  Experiment  XI  did  not  differ  materially 
from  those  of  similar  experiments  carried  out  with  serum  from  ira- 
munes  treated  with  the  Scribner  disease-producing  blood.  The 
smallest  dose  of  serum  used  was  10  c.  c,  and  although  the  2  hogs 
given  this  dose  did  not  become  visibly  sick  from  the  serum-simul- 
taneous vaccination,  the  fact  that  1  of  those  given  15  c.  c.  as  well  as  1 
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given  20  c.  c.  of  serum  did  become  sick  makes  it  quite  probable  that 
less  than  10  c.  c.  of  this  serum  could  not  be  used  with  2  c.  c.  of  virulent 
blood  with  safety.     (See  Table  14.) 

None  of  the  hogs  treated  by  the  serum-simultaneous  method  died, 
although  2  became  sick,  as  already  stated ;  notwithstanding  the  sick- 
ness of  the  2  vaccinated  hogs,  the  imtreated  pen  checks  exposed  to 
them  did  not  become  sick.  Both  of  the  hogs  injected  with  disease- 
"producing  blood  alone  became  sick  and  died  of  hog  cholera,  and  they 
also  communicated  disease  to  their  pen  check. 

Following  out  the  usual  plan,  the  surviving  hogs  from  this  experi- 
ment were  placed  in  the  quarantine  pasture.  These  hogs  had  been 
vaccinated  two  months  when  the  accidental  outbreak  of  disease 
occurred  in  the  pasture,  but  none  of  them  became  sick  from  the 
exposure.  Two  of  the  3  checks  which  were  placed  in  the  pasture 
with  the  treated  animals  died  of  hog  cholera;  the  third  check  became 
imthiifty  and  died,  but  apparently  did  not  suffer  from  hog  cholera. 
Four  of  the  vaccinated  hogs  were  later  transferred  to  the  Scribner 
exposure  pen  and  again  remained  well. 

Experiment  XII. — Second  experiment  unth  first  drawing  of  serum  from  immune  1S92. 

In  Experiment  XII  12  hogs  were  treated  by  the  serum-simultane- 
ous method,  8  were  treated  with  serum  alone,  and  2  were  injected 
with  disease-producing  blood  alone.  Four  uninoculated  hogs  were 
placed  in  the  pens  with  the  serum-simultaneous  hogs,  and  1  with  the 
2  that  received  disease-producing  blood  only.  As  a  result  of  the 
treatment,  as  far  as  could  be  observed  none  of  the  vaccinated  hogs 
showed  symptoms  of  illness,  and  the  checks  in  the  pens  with  them 
also  remained  well.  With  the  hogs  that  received  disease-producing 
blood  alone  the  result  was  quite  different,  for  both  contracted  hog 
cholera  and  one  died;  the  pen  check  that  was  exposed  to  these  hogs 
also  became  sick  and  died  of  hog  cholera.     (See  Table  15.) 

For  the  purpose  of  testing  the  immunity  possessed  by  the  vacci- 
nated hogs  at  different  lengths  of  time  after  vaccination,  these  hogs 
were  divided  into  two  lots,  6  of  the  serum-simultaneous  vaccinated 
hogs  being  placed  in  the  Syphax  exposure  pen  seventeen  days  after 
vaccination  and  4  of  the  hogs  treated  with  serum  alone  in  the  same 
pen  eleven  days  after  vaccination.  Table  15  shows  the  results  of 
these  exposures.  Of  the  6  hogs  treated  by  the  serum-simultaneous 
method  and  exposed  seventeen  days  after  vaccination,  all  remained 
well;  of  the  4  hogs  vaccinated  with  serum  alone  and  exposed  in  the 
Syphax  exposure  pen  eleven  days  after  vaccination,  1  (1704),  after 
being  sick  a  long  time,  died  about  two  months  later,  probably  of  hog 
cholera,  although  the  lesions  found  at  autopsy  were  slight  and  not 
such  as  would  be  expected  from  a  chronic  case  of  hog  cholera.  The 
other  3  hogs  (1703,  1706,  and  1708),  vaccinated  with  serum  alone, 
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remained  well  and  were  later  exposed  to  the  Scribner  disease  without 
being  made  sick.  Two  of  the  iminoculated  check  hogs  were  placed 
in  the  exposure  pen  with  the  serum-simultaneous  hogs,  and  both 
died  of  hog  cholera. 

The  exposure  of  the  second  lot  of  hogs  in  this  experiment  took 
place  in  the  quarantine  pasture  thirty  days  after  vaccination.  Of 
the  6  serumndmultaneous  hogs  that  were  exposed  there,  1  (1696) 
did  not  thrive,  and  finally  died  of  hog  cholera  sev^i  weeks  after  vac- 
cination, while  the  others  remained  well.  The  death  of  hog  1696 
was  probably  due  to  a  mild  form  of  disease  caused  by  the  original 
serum-simultaneous  vaccination,  as  the  hog  at  autopsy  showed  the 
lesions  of  the  chronic  type  of  hog  cholera,  though  it  had  been  exposed 
to  disease  in  the  pasture  only  three  weeks  at  the  time  of  its  death. 
Of  the  4  hogs  treated  with  serum  alone,  which  were  accidentally 
exposed  in  the  quarantine  pasture  thirty  days  after  vaccination,  1 
(1707)  died  of  hog  cholera.  The  others  did  not  contract  the  disease. 
Both  of  the  pen  checks  that  were  placed  in  the  pasture  with  the 
vaccinated  hogs  died  of  hog  cholera. 

Summary  of  experimenU  mth  serum  from  immune  1S92. 

A  summary  of  the  results  obtained  through  the  use  of  the  first 
drawing  of  serum  from  inmiune  1392  shows  that  of  18  hogs  treated 
by  the  serum-simultaneous  method,  the  serum  being  used  in  doses  of 
10  c.  c,  15  c.  c,  and  20  c.  c,  1  became  sick  and  1  (1696;  see  above) 
died  from  the  treatment.  Of  4  hogs  injected  with  the  same  amoimt 
of  the  same  disease-producing  blood  as  that  used  for  the  serum- 
simultaneous  treatment,  all  became  sick  and  3  died. 

All  of  the  surviving  treated  hogs  with  the  surviving  checks  were 
exposed  to  infection  after  vaccination.  All  17  of  the  serum-simulta- 
neous hogs,  exposed  seventeen  to  thirty  days  after  vaccination,  re- 
mained well;  2  of  the  8  hogs  treated  with  serum  alone  died  of  hog 
cholera  when  exposed  eleven  to  thirty  days  after  treatment,  while  of 
4  checks  exposed  in  the  same  manner  as  the  treated  hogs,  all  died  of 
hog  cholera. 

As  a  result  of  these  experiments  it  will  be  seen  that — 

(1)  The  serum  of  hog  1392,  in  doses  of  10  c.  c.  or  more,  was  sufficient 
to  protect  hogs  from  a  fatal  dose  of  disease-producing  blood  admin- 
istered simultaneously  with  the  serum. 

(2)  Hogs  treated  by  simultaneous  injections  of  serum  from  hog 
1392,  together  with  disease-producing  blood,  remained  immune  for  at 
least  thirty  days  after  vaccination. 

(3)  Hogs  treated  by  the  serum-simultaneous  method,  even  when 
they  became  distinctly  sick,  did  not  convey  disease  to  unprotected 
animals  which  associated  with  them. 
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(4)  The  immunity  produced  by  injections  of  serum  alone  from  hog 
1392  did  not  seem  to  be  as  complete  as  that  produced  by  a  simulta- 
neous injection  of  serum  and  disease-producing  blood. 

(5)  Hogs  immunized  with  serum  prepared  through  the  use  of  one 

strain  of  disease  were  immune  when  exposed  to  .another  strain  of 

disease. 

Sbrum  from  Immune  1274  (Quick  Method). 

Experiment  Xlll. -^Prdimiruxry  experiment  with  first  drawing  of  serum. 

The  preliminary  experiment  with  the  first  drawing  of  serum  from 
immune  1274  consisted  of  serum-simultaneous  vaccinations  only,  a 
certain  number  of  controls  being;  of  course,  used.  The  r«aults  of  this 
experiment  were  not  entirely  successful,  %8  may  be  seen  from  Table  16. 

First  of  all,  we  find  that  serum  from  hog  1274  probably  has  distinct 
protective  power  when  injected  simultaneously  with  a  fatal  dose  of 
disease-producing  blood.  This  is  indicated  by  the  death  of  the  2  hogs 
that  received  disease-producing  blood  alone,  and  the  survival  of  all 
those  treated  with  serum.  At  the  same  time  it  is  surprising  that  the 
2  hogs  that  received  10  c.  c.  of  serum  with  the  disease-producing  blood 
should  have  become  distinctly  sick,  whereas  the  2  that  received  only 
5  c.  c.  of  serum  remained  well.  This  result  could  only  be  explained 
on  the  ground  of  unusual  susceptibility  on  the  part  of  hogs  1718  and 
1719,  or  because  hogs  1716  and  1716,  which  received  only -5  c.  c.  of 
serum,  were  exceptionally  resistant  to  the  disease.  In  the  light  of  this 
experiment  only,  the  latter  supposition  seems  to  be  the  most  reason- 
able explanation  of  the  conflicting  results,  for  when  the  vaccinated 
hogs  with  their  pen  checks  were  exposed  to  hog  cholera  in  the  quaran- 
tine pasture  three  weeks  after  vaccination  only  one  of  the  three  pen 
checks  (1723)  died  of  hog  cholera.  It  is  true  that  one  other  sickened, 
but  it  recovered,  and  the  third  check  never  became  distinctly  sick  in 
the  quarantine  pasture.  The  subsequent  death  of  this  check  (1717) 
in  the  exposure  pen  can  not  be  attributed  to  hog  cholera.  It  appears, 
therefore,  that  the  lot  of  hogs  used  in  this  experiment  taken  as  a  whole 
were  probably  more  than  normally  resistant  to  hog  cholera,  and  for 
this  reason  too  great  stress  should  not  be  laid  upon  the  results.  At 
the  same  time  the  serum  must  have  given  the  vaccinated  hogs  a  cer- 
tain degree  of  protection,  for  both  of  the  controls  injected  with  dis- 
ease-producing blood  alone  became  very  sick,  one  of  them  died,  and 
the  other  was  killed  to  secure  blood  for  other  experiments,  and  at 
autopsy  both  showed  characteristic  lesions  of  hog  cholera.  In  con- 
trast to  this  is  the  behavior  of  the  hogs  which  received  the  same  dis- 
ease-producing blood  in  combination  with  the  serum,  not  one  of 
these  having  died  from  vaccination.  When  this  lot  of  hogs  was  ex- 
posed to  disease  in  the  quarantine  pasture  one  of  the  pen  checks  died 
of  hog  cholera,  one  became  sick  but  recovered,  while  the  other  never 
showed  marked  symptoms  of  illness.  With  regard  to  the  treated 
hogs  in  the  quarantine  pastiu'e,  we  find  that  one  of  those  which  had 
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received  but  5  c.  c.  of  serum  with  the  disease-producing  blood  died, 
but  a  positive  diagnosis  of  hog  cholera  could  not  be  made  from  the 
autopsy  findings.  The  2  hogs  that  were  made  sick  by  vaccination 
remained  more  or  less  im thrifty,  but  neither  contracted  hog  cholera; 
the  other  3  vaccinated  hogs  remained  well  in  the  quarantine  pasture 
as  well  as  in  the  Syphax  exposure  pen  where  they  were  placed  after 
removal  from  the  pasture. 

Experiment  "KIV .—Second  experiment  with  first  drawing  of  serum  from,  immune  1274- 

The  second  experiment  with  serum  from  hog  1274  is  incomplete, 
as  the  vaccinated  hogs  were  not  exposed  to  natural  infection  after 
vaccination.  The  results  of  the  vaccination  are  of  interest,  how- 
ever, for  comparison  with  those  of  the  preceding  experiment  in  which 
the  2  hogs  treated  by  the  serum-simultaneous  method  with  10  c.  c. 
of  serum  became  distinctly  sick.  In  Experiment  XIV  none  of  the 
12  hogs  which  were  given  serum  with  disease  producing  blood  became 
sick,  although  both  of  the  hogs  treated  with  the  blood  alone  died  of 
hog  cholera.  Owing  to  the  lateness  of  the  season  and  to  the  fact  that 
our  plans  to  hold  vaccinated  hogs  for  several  months  before  exposing 
them  had  been  interfered  with  considerably  by  the  accidental  out- 
break of  hog  cholera  in  our  quarantine  pasture,  it  was  decided  to 
reserve  all  of  the  vaccinated  hogs  in  Experiment  XIV,  together 
with  their  pen  checks,  for  exposure  during  the  summer  of  1907. 


Table  17. — Secondary  experiment  with  first  drawing  of  serum  from  hog  1274  ('^^utcJb" 

immune. — Syphax) . 

No.  of 

Weight. 

Material  injected. 

Inoculation. 

Remarks. 

hog. 

Date.    * 

Result. 

1938.... 
1939  . 

Poundg. 
55 

50 
70 
45 
40 
40 
40 

40 
50 
40 
40 
75 
75 
40 
50 
60 
60 
80 

10  c.  c.  serum  and  2  c.  c.  dis- 
ea8M)roduclng  blood  of 
h<«l926. 

Dec.  20,1906 
do 

Remained  weU 

do 

Not  exposed. 
Do. 

1940 

do 

do 

do 

Do. 

1941 

do 

do 

do 

Do. 

1942 

do 

do 

do '.    '      .... 

Do. 

1943.... 

do 

do 

do 

Do. 

1946... 

20  c.  c.  serum  and  2  c.  c.  dis- 
ease-producing blood    of 
hog  1925. 

do 

do 

..  ..do 

Do. 

1947. . . . 

do 

do 

Do. 

1948 

.do 

do 

....do .     .  . 

Do. 

1949 

do 

do 

do 

Do. 

1950 

...do 

do 

do.. 

Do. 

1951 

do 

do 

do 

Do. 

1954 

10  c.  c.  senim  alone 

do 

-do. 

Do. 

1956 

do 

do 

....do 

Do. 

1956 

.do 

do 

do  . 

Do. 

1957 

do 

do 

do 

Do. 

1958. . . . 

20  c.  c.  serum  alone 

do 

do 

Do. 

1959.   . 

do 

do 

do 

Do. 

I960.... 

75 
40 

:::::do:::::::::::::::::::::: 

do 

do 

Do. 

1961 

do 

do 

.  ...do 

Do. 

1944. . . . 

40 

40 
40 

40 
30 

70 

40 

Pen  check  with  hogs  1938  to 

1943. 
do 

do 

Do. 

1945. . . . 

do 

Do. 

1952.   . 

Pen  check  with  hogs  1946  to 

1951. 
do 

.do 

Do. 

1953 

..  ..do 

Do. 

1962.... 
1963.... 

2   c.    c.    disease-producing 

blood  of  hog  1925. 
do 

Dec.  20,1906 
do 

Sick    Dec.    27,    1906; 

died  Jan.  3. 1907. 
Sick    Dec.    27,    1906; 

died  Jan.  7, 1907. 
Sick    Jan.    8,    1907; 

died  Jan.  12, 1907. 

Hemorrtiages. 
Do. 

1964. . . 

Pen  check  with  hogs  1962 
and  1963. 

Hemorrhages 

and  ulcers. 
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Summary  o/re$tUu  obtained  withfirH  drawing  of  Merumfrom  immune  lt74* 

Eighteen  hogs  were  vaccinated  by  the  serum-simultaneous  method, 
serum  in  doses  of  5  c.  c,  10  c.  c,  15  c.  c,  and  20  c.  c.  being  used  in  con- 
junction with  2  c.  c.  of  disease-producing  blood.  Of  these  18  hogs  2 
became  sick;  none  died. 

Four  hogs  were  injected  with  disease-producing  blood  alone;  all 
became  sick;  3  died,  and  1  was  killed  when  in  a  moribund  condition. 

Eight  hogs  were  injected  with  serum  alone  and  all  remained  well. 

Only  6  of  the  vaccinated  hogs  were  later  exposed  to  infection;  1  of 
these  died,  but  without  exhibiting  either  before  death  or  at  autopsy 
positive  signs  of  hog  cholera.  Of  3  pen  checks  which  were  exposed  at 
the  same  time  as  the  6  vaccinated  hogs,  1  died  of  hog  cholera,  the 
other  became  sick  but  recovered,  while  the  third  check  did  not  become 
plainly  ill. 

As  a  result  of  the  experiments  with  the  first  drawing  of  serum  from 
hog  1274,  we  may  conclude  that — 

(1)  The  serum  when  given  in  suflScient  dose  will  protect  non- 
immunes from  a  simultaneous  injection  of  a  fatal  dose  of  disease- 
producing  blood. 

(2)  The  serumnsimultaneous  injections  in  which  the  largest  dose  of 
hyperimmune  serum  was  used  seemed  to  afford  quite  as  complete 
protection  from  hog  cholera  when  exposure  took  place  three  weeks 
after  vaccination  as  was  afforded  by  the  injection  of  disease-producing 
blood  with  a  smaller  dose  of  serum. 

(3)  An  insufficient  dose  of  serum  with  disease-producing  blood  ap- 
peared to  result  in  more  or  less  permanent  injury  to  the  hogs  treated 
in  that  manner. 

Serum  from  Immune  1297  (Slow  Method). 

Experiment  XV. — First  drawing  of  serum. 

The  preliminary  experiment  with  the  serum  from  immune  1297 
shows  that  5  c.  c.  of  that  serum  was  not  sufficient  to  insure  protection 
from  a  fatal  dose  of  disease-producing  blood  administered  with  the 
serum,  for,  as  may  be  seen  from  Table  18,  hog  1742  died  of  hog  cholera 
after  vaccination.  The  other  hog  injected  in  the  same  manner  as  hog 
1742,  however,  remained  well,  as  did  the  pen  check  that  associated 
with  these  two  hogs.  None  of  the  hogs  treated  with  doses  of  10  c.  c. 
and  15  c.  c.  of  serum  plus  disease-producing  blood  showed  any  symp- 
toms of  illness,  but  both  of  the  hogs  that  received  disease-producing 
blood  alone  became  sick,  and  one  of  them  died.  The  pen  check  that 
was  exposed  to  the  hogs  that  were  injected  with  disease-producing 
blood  alone  contracted  hog  cholera  from  them  and  died.  With  the 
exception  of  hogs  1743  and  1744,  all  of  the  surviving  vaccinated  hogs 
with  their  pen  checks  were  placed  in  the  pasture  on  October  17  to 
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await  future  exposure.  The  accidental  outbreak  of  hog  cholera  in 
this  pasture  made  its  appearance  about  the  time  that  the  hogs  were 
placed  there,  and  they  may  therefore  be  regarded  as  having  been 
exposed  to  disease  on  October  17,  or  twenty-two  days  after  vacci- 
nation. Both  pen  checks  that  were  exposed  at  the  same  time  with  the 
vaccinated  hogs  became  sick;  one  died,  but  the  other  recovered. 
None  of  the  4  treated  pigs  became  sick  in  the  pasture,  and  during  a 
subsequent  exposure  in  the  Scribner  exposure  pen  they  Ukewise 
remained  well.  Hogs  1743  and  1744,  one  a  vaccinated  hog  and  the 
othmr.a  pen  check,  were  placed  on  October  29,  1906,  in  a  separate 
pastpze  that  was  used  for  hogs  that  had  been  made  sick  by  vaccin- 
ation, or  that  had  been  removed  from  the  exposure  pen.  Athough 
there  was  undoubtedly  ample  opportunity  for  these  hogs  to  contract 
hog  cholera  in  this  pasture,  neither  of  them  did  so,  but  hog  1743  was 
killed  by  other  hogs.  The  pen  check  1744  was  placed  in  the  Scribner 
exposure  pen  on  January  23, 1907,  to  further  test  its  immunity,  with 
the  result  that  it  survived  without  showing  disease. 

Experiment  XVI. — Second  experiment  with  first  drawing  of  serum. 

In  the  second  experiment  with  serum  from  immune  1297  the  usual 
plan  was  followed.  Twelve  hogs  were  treated  by  the  serum-simulta- 
neous method,  6  of  them  being  given  10  c.  c.  of  serum,  and  6, 20  c.  c. 
of  serum  with  2  c.  c.  of  disease-producing  blood  in  each  case;  4  hogs 
were  injected  with  10  c.  c.  of  serum  alone  and  4  with  20  c.  c.  of  serum 
alone;  2  hogs  were  injected  with  2  c.  c.  of  the  disease-producing  blood 
alone.  Two  uninoculated  chepks  were  placed  in  the  pens  with  each 
of  the  lots  treated  by  the  serum-simultaneous  method,  and  1  was 
placed  in  the  pen  with  the  hogs  that  were  injected  with  disease-pro- 
ducing blood  alone.  As  may  be  seen  from  Table  19,  all  of  the  animals 
that  were  injected  with  serum  alone  or  with  serum  and  disease-pro- 
ducing blood  combined,  together  with  their  pen  checks,  remained  well 
after  treatment.  Both  of  the  hogs  that  were  injected  with  disease- 
producing  blood  alone  contracted  hog  cholera,  and  their  pen  check 
contracted  the  disease  from  them  and  died  of  hog  cholera. 

In  order  to  test  further  the  inmiunity  of  the  vaccinated  hogs,  half 
of  those  vaccinated  by  the  semm-siniultaneous  niethod,  together  with 
half  of  those  treated  with  serum  alone,  were  placed  in  the  Scribner 
exposure  pen  three  weeks  after  vaccination.  All  4  of  the  surviving 
pen  checks  were  exposed  at  practically  the  same  time.  The  serum- 
simultaneous  vaccinated  hogs  all  remained  well  as  a  result  of  this 
exposure,  but  3  of  the  4  hogs  treated  with  serum  alone  died  of  hog 
cholera,  and  3  of  the  4  untreated  check  hogs  also  died. 

The  other  treated  hogs  that  were  not  exposed  with  the  lot  just 
described  were  exposed  as  follows:  Five  hogs  treated  by  the  serum- 
simultaneous  method  were  exposed  in  the  Scribner  exposure  pen 
fifty-one  days  after  vaccination.     Four  hogs  that  were  treated  with 
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serum  alone  were  exposed  in  the  same  pen  twelve  weeks  after  vacci- 
nation. The  virulence  of  the  disease  to  which  the  serum-simultane- 
ous treated  hogs  were  subjected  is  shown  by  the  fact  that  7  check 
hogs  (1992-1998,  Table  19)  placed  in  the  exposure  pen  five  days  later 
all  died  of  hog  cholera,  but  notwithstanding  this  very  severe  test,  all 
of  the  serum-simultaneous  vaccinated  hogs  remained  well.  Of  the  4 
hogs  vaccinated  with  serum  alone  and  exposed  twelve  weeks  after 
treatment  3  died,  as  was  to  be  expected,  since  the  hogs  treated  simi- 
larly and  exposed  only  three  weeks  after  treatment  did  not  show  any 
appreciable  degree  of  resisting  power. 

Summary  of  resuUs  obtained  toith  serum  from  immune  1297. 

Eighteen  hogs  were  vaccinated  by  the  serum-simultaneous  method, 
the  serum  being  used  in  doses  of  from  5  c.  c.  to  20  c.  c.  Only  1  of 
these  hogs  died  from  the  treatment,  and  this  hog  (1742)  received  but 
5  c.  c.  of  the  serum.  Four  hogs  were  injected  with  the  same  dose  of 
the  same  disease-producing  blood  as  was  given  the  serum-simultane- 
ous treated  hogs,  and  as  a  result  all  became  sick  and  3  died.  Of  6 
pen  checks  exposed  to  the  serumnsimultaneous  treated  hogs  after  vac- 
cination, all  remained  well,  although  both  of  the  checks  exposed  to 
hogs  treated  with  diseased  blood  alone  contracted  hog  cholera  and 
died. 

In  regard  to  immunity  in  the  treated  hogs  subsequent  to  vaccina- 
tion it  is  seen  that  of  the  16  serum  simultaneous  treated  hogs  all 
remained  well  when  exposed  from  three  to  seven  weeks  after  vaccina- 
tion. Of  8  hogs  treated  with  serum  alone  and  exposed  to  hog  cholera 
from  three  to  twelve  weeks  after  vaccination  we  find  that  6  died  of 
hog  cholera,  while  of  4  checks  not  inoculated  and  exposed  to  the  same 
infection  3  died. 

With  regard  to  the  experiments  with  the  first  drawing  of  serum 
from  immune  1297,  the  following  conclusions  may  be  drawn: 

(1)  When  administered  in  sufficient  dose  this  serum  will  com- 
pletely protect  hogs  from  an  otherwise  fatal  dose  of  disease-producing 
blood  given  simultaneously  with  the  serum. 

(2)  The  immunity  produced  by  a  serum-simultaneous  vaccination 
remained  quite  firm  for  at  least  seven  weeks. 

(3)  This  immunity  was  quite  as  firm  in  the  hogs  that  received  20 
c.  c.  of  serum  with  disease-producing  blood  as  in  those  that  received 
only  10  c.  c. 

(4)  It  is  not  necessary  for  hogs  to  show  visible  symptoms  of  illness 
after  vaccination  in  order  to  secure  immunity  that  will  last  at  least 
seven  weeks. 

(5)  The  immunity  in  serum-simultaneous  vaccinated  hogs  was  not 
due  to  serum  alone,  as  shown  by  the  death  of  animals  injected  with 
serum  alone  when  exposed  to  hog  cholera. 
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(6)  Hogs  immunized  with  serum  prepared  from  one  strain  of  dis- 
ease (Syphax)  may  be  expected  to  resist  infection  of  the  same  nature 
from  an  entirely  different  source  (Scribner). 

(7)  Hogs  vaccinated  by  the  serum-simultaneous  method,  if  not 
made  sick  by  the  treatment,  will  not  communicate  disease  to  other 
hogs. 

Serum  prom  Immune  1310  (Slow  Method). 

Experiment  XVII. — Preliminary  experiment  with  first  drawing  of  serum. 

In  this  experiment  only  the  serum-simultaneous  method  of  vacci- 
nation was  used,  and  Table  20  shows  the  results.  Six  hogs  were  vac- 
cinated by  the  serum-simultaneous  method,  doses  of  5  c.  c,  10  c.  c, 
and  15  c.  c.  of  serum  being  used.  Of  the  4  hogs  injected  with  less 
than  15  c.  c.  of  serum  all  became  sick  and  2  died,  and  the  2  pen  checks 
contracted  hog  cholera  from  them.  The  2  hogs  that  were  injected 
with  15  c.  c.  of  serum  in  combination  with  the  disease-producing 
blood  remained  well,  while  the  2  injected  with  disease-producing  blood 
alone  died  and  communicated  disease  to  their  pen  check. 

Three  of  the  surviving  vaccinated  hogs  in  this  experiment  were 
exposed  to  hog  cholera  in  the  quarantine  pasture  and  1  in  the  Syphax 
exposure  pen.  It  was  to  be  expected  that  the  hogs  that  had  been 
sick  would  be  subsequently  immune,  and  this  was  found  to  be  the  case. 

The  chief  interest  in  the  exposure  of  these  hogs  lay  in  the  behavior 
of  the  hogs  that  received  15  c.c.  of  serum  with  disease-producing  blood 
andwhicl^did  not  become  ill  as  a  result  of  vaccination.  These  2  hogs 
(1677  and  1678)  were  exposed  to  hog  cholera  in  the  pasture  thirty- 
seven  days  after  vaccination.  They  did  not  become  sick  as  a  result  of 
this  exposure,  although  their  pen  check  which  was  exposed  with  them 
contracted  hog  cholera  and  died.  A  later  exposure  of  these  2  hogs  in 
the  Scribner  exposure  pen  three  and  one-half  months  after  vaccination 
proved  them  to  be  still  immune. 

Experiment  XVIII. — Second  experim^ent  with  first  drawing  of  serum. 

In  this  exf^iiment,  through  an  error,  doses  of  10  c.  c.  and  20  c.  c. 
of  serum  were  used  with  disease-producing  blood,  although  the  prelim- 
inary experiment  had  shown  that  10  c.  c.  of  this  serum  was  not 
sufficient  to  protect  hogs  from  a  fatal  dose  of  disease-producing  blood. 
It  appears,  however,  that  even  the  dose  of  10  c.  c.  of  serum  may  have 
increased  the  resisting  power  of  the  vaccinated  hogs  somewhat.  Six 
hogs  were  injected  with  10  c.  c.  of  serum  plus  disease-producing  blood, 
6  with  20  c.  c.  of  serum  plus  disease-producing  blood,  4  with  10  c.  c. 
of  serum  alone,  4  with  20  c.  c.  of  serum  alone,  and  2  with  2  c.  c.  of 
disease-producing  blood  alone.  Two  pen  checks  were  placed  with 
each  lot  of  serum-simultaneous  treated  hogs  and  one  with  the  hogs 
injected  with  disease-producing  blood  alone.  Table  21  shows  that  4 
of  the  6  hogs  treated  with  10  c.  c.  of  serum  plus  disease-producing 
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blood  died  from  the  treatment,  but,  strange  to  say,  the  checks  in  the 
same  pen  did  not  contract  the  disease  from  them;  the  hogs  that 
received  20  c.  c.  of  serum  with  disease-producing  blood  all  remained 
well,  as  did  those  injected  with  serum  alone.  The  2  hogs  injected 
vith  disease-producing  blood  alone  died  of  hog  cholera,  as  did  the 
check  exposed  in  the  pen  with  them. 

The  surviving  hogs  from  the  protective  inoculations,  including  4 
pen  checks  (1902,  1903,  1910,  and  1911)  which  had  not  been  sick, 
were  exposed  to  hog  cholera  at  different  lengths  of  time  after  vaccinar 
tion. 

Of  the  hogs  treated  with  serum  alone,  2  that  received  10  c.  c.  and  2 
that  received  20  c.  c.  of  serum  were  placed  in  the  Scribner  exposure 
pen  eighteen  days  after  vaccination  with  2  of  the  pen  checks;  both  of 
the  checks  and  3  of  the  4  serum-treated  pigs  died  of  hog  cholera.  The 
surviving  treated  hog  was  one  that  had  received  20  c.  c.  of  serum. 
The  4  remaining  hogs  treated  with  serum  alone  were  exposed  first 
sixty-eight'  days  after  vaccination,  and  3  out  of  4  died  of  hog  cholera, 
the  surviving  hog  being  again  one  of  those  that  received  20  c.  c.  of 
serum,  though  it  is  very  doubtful  whether  the  resistance  of  this  hog 
can  be  properly  attributed  to  the  previous  serum  injection.  The 
behavior  of  the  serum-simultaneous  hogs  after  exposure  to  hog  chol- 
era was  quite  different  from  that  of  the  hogs  treated  with  serum  alone. 

It  wiD  be  remembered  that  12  hogs  were  vaccinated  by  the  serum- 
simultaneous  method,  and  of  these  4  died  as  a  result  >of  vaccination, 
these  having  received  only  10  c.  c.  of  serum  with  the  disease-producing 
blood.  The  2  surviving  hogs  that  received  10  c.  c.  of  serum  plus 
disease-producing  blood  were  placed  in  the  Scribner  exposure  pen 
with  3  of  those  treated  with  20  c.  c.  of  serum  plus  disease-producing 
blood  thirty-four  days  after  vaccination;  all  of  these  hogs  remai::ed 
well,  although  the  2  checks  (1902  and  1903)  exposed  at  the  same 
time  died  of  hog  cholera.  The  3  remaining  hogs  treated  with  20  c.  c. 
of  serum  plus  disease-producing  blood  were  first  exposed  to  hog 
cholera  ly  being  placed  in  the  Scribner  exposure  pen  seventy-two 
days  after  vaccination.  All  of  them  remai::ed  well,  although  unvac- 
cinated  check  hogs  2003,  2004,  and  2005,  subjected  to  the  same 
exposure  died  of  hog  cholera. 

Summary  of  experiments  with  first  drawing  of  serum  f rani  immune  1310. 

'  Results  of  vaccination. — Eighteen  hogs  were  vaccinated  by  the 
serum-simultaneous  method;  of  these  10  received  10  c.  c.  or  less  of 
serum,  while  the  remaining  8  received  15  c.  c.  or  more  of  serum. 
Eight  out  of  the  first  10  became  sick,  and  6  died,  as  a  result  of  vacci- 
nation, while  none  of  the  8  hogs  that  received  larger  doses  of  serum 
became  sick.  Four  hogs  that  were  injected  with  disease-producing 
blood  alone  died  of  hog  cholera  as  a  result  of  the  injection.  The  8 
hogs  that  were  injected  with  serum  alone  as  usual  remained  well. 
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AU  pen  checks  with  vaccinated  hogs  remained  well,  notwithstanding 
the  fact  that  some  were  exposed  to  hogs  that  died  as  a  result  of 
vaccination.  ' 

Results  of  exposure  to  "hog  cholera, — ^Twelve  hogs  treated  by  the 
serum-simultaneous  method  were  exposed  to  hog  cholera  after 
vaccination,  some  being  exposed  after  an  interval  of  twenty-four 
days  while  others  were  not  exposed  until  approximately  two  and 
one-half  months  after  vaccination.  Of  these  hogs  only  2  had  shown 
symptoms  of  sickness  after  vaccination.  None  of  the  12  became 
sick  as  a  result  of  exposure.  Eight  hogs  that  had  been  treated  with 
serum  alone  were  exposed  to  hog  cholera,  4  being  exposed  eighteen 
days  after  vaccination,  and  4  two  months  and  eighteen  days  after 
vaccination;  6  of  these  died  of  hog  cholera.  Five  unvaccinated  hogs 
were  exposed  with  the  treated  hogs  as  checks,  and  all  of  these  died 
of  hog  cholera. 

From  these  experiments  we  may  conclude  that — 

(1)  The  serum  from  hog  1310,  first  drawing,  will,  when  given  in 
sufficient  dose,  protect  hogs  from  a  fatal  dose  of  disease-producing 
blood  administered  simultaneously  with  the  serum. 

(2)  This  simultaneous  vaccination  confers  on  the.  treated  hogs  an 
immunity  which  lasts  for  at  least  two  and  one-half  months. 

(3)  The  immunity  in  hogs  which  showed  no  symptoms  after  vac- 
cination siBems  to  be  quite  as  firm  as  in  those  that  were  made  visibly  ill. 

(4)  Serum  alone  did  not  confer  a  satisfactory  immunity  for  even 
three  weeks  in  the  dose  used. 

(5)  The  immunity  in  serum-simultaneous  hogs  was  not  due  to  the 
action  of  the  serum  alone. 

(6)  Check  hogs  exposed  to  hogs  which  became  sick  as  a  result  of 
vaccination  contracted  disease  from  them  in  some  cases. 

PRODUCTION  OF  A  PROTECTIVE  SERUM  BY  USING  A  REDUCED  DOSE  OP 

DISEASED   BLOOD. 

The  hogs  in  the  preceding  experiments  that  were  hyperimmunized 

by  the  ** quick  method"   all  received  a  dose  of  disease-producing 

blood  in  the  proportion  of  1,000  c.  c.  of  blood  to  100  pounds  of  body. 

We  have  carried  out  only  one  experiment  with  serum  from  an  immune 

hyperimmunized  with  a  smaller  dose  of  disease-producing  blood. 

This  hog  (1401)  received  only  500  c.  c.  of  disease-producing  blood 

for  hyperimmunization.    The  history  of  hog  1401,  as  well  as  the 

experiments  carried  out  with  serum  from  that  hog,  are  described 

below. 

Experiment  XIX. — Serum  from  immune  1401. 

Hog  1401  is  one  of  those  that  was  vaccinated  by  the  serumnsimul- 
taneous  method  in  the  experiments  of  1905,  and  its  detailed  history 
is  as  follows: 

Hog  1401  weighed  60  pounds  December  2,  1905,  and  on  this  date, 
together  with  other  hogs,  was  injected  simultaneously  with  disease- 
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producing  blood  and  10  c.  c.  of  serum  from  immime  1234  (see  p.  11). 
No  symptoms  of  sickness  followed  thi^  injection,  and  the  hog  was 
exposed  to  disease  on  December  27, 1905.  Hog  1401  again  remained 
well  and  was  not  further  exposed  until  September  3,  1906,  when  it 
was  injected  subcutaneously  with  500  c.  c.  of  Scribner  disease-pro- 
ducing blood.  The  weight  of  the  hog  at  this  time  was  approximately 
100  poimds.  No  visible  disturbance  of  health  followed  this  injection. 
On  September  24,  1906,  just  three  weeks  after  the  injection  of  dis- 
ease-producing blood,  hog  1401  was  bled  in  order  to  secure  serum 
for  experimental  purposes.  This  hog  may  be  classed  with  the  Scrib- 
ner quick  immunes,  though  the  dose  of  serum  used  in  proportion  to 
the  body  weight  of  the  immune  is  only  half  of  that  used  on  the  other 
Scribner  quick  immunes. 

Unfortunately,  we  were  not  able  to  carry  out  as  extensive  experi- 
ments with  this  serum  as  was  desirable,  but  the  number  of  animals 
available  for  experimental  purposes  and  the  requirements  of  other 
experiments  in  the  way  of  pens  and  hogs  made  it  impossible  to  do 
more  than  make  a  preliminary  test  of  the  potency  of  the  serum  from 
immune  1401. 

The  tests  of  this  serum  were  made  in  the  usuai  manner,  the  serum 
being  used  in  doses  of  5c.  c,  10  c.  c/,  and  15  c.  c,  given  simultaneously 
with  a  fatal  dose  of  disease-producing  blood.  Table  22  shows  the 
results  of  these  injections.  Both  of  the  hogs  injected  with  only  5  c,  c. 
of  serum  became  sick  and  1  died,  and  they  also  conmiunicated  disease 
to  their  pen  check,  hog  1814.  One  of  the  2  hogs  that  were  injected 
with  10  c.  c.  of  serum  plus  disease-producing  blood  became  slightly 
sick  but  recovered,  while  the  other  remained  well;  the  pen  check  in 
this  pen  contracted,  hog  cholera.  Neither  of  the  hogs  that  received 
15  c.  crof  serum  with  the  disease-producing  blood  showed  any  symp- 
toms of  illness  following  vaccination,  and  their  pen  check  likewise 
remained  well.  Both  of  the  hogs  that  were  injected  with  disease- 
producing  blood  alone  died  of  hog  cholera  and  communicated  the 
disease  to  their  pen  check,  hog  1823. 

It  will  thus  be  seen  that  of  6  hogs  inoculated  simultaneously  with 
serum  and  diseased  blood,  3  became  sick  but  only  1  died,  and  this  one 
received  the  smallest  dose  (5  c.  c.)  of  serum.  Four  of  the  5  surviving 
vaccinated  hogs  were  later  exposed  to  hog  cholera  to  test  the  duration  of 
the  iromunity  conferred  by  vaccination.  Two  of  these  hogs  were  placed 
in  the  Scribner  exposure  pen  on  November  17, 1906,  thirty  days  after 
vaccination;  the  surviving  pen  check,  hog  1820,  was  exposed  at  the  same 
time.  The  check  died,  but  both  of  the  treated  hogs  remained  well. 
The  2  other  vaccinated  hogs  were  first  exposed  to  hog  cholera  three  and 
one-half  months  after  vaccination.  They  both  remained  well,  although 
unprotected  hogs  exposed  at  the  same  time  died  of  hog  cholera. 

Although  we  have  hyperimmunized  only  1  hog  by  the  quick 
method  with  a  dose  of  disease-producing  blood  equal  to  500  c.  c.  per 
100  pounds  of  body  weight,  the  results  obtained  with  this  serum  are 
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such  that  there  is  good 
reason  to  beUeve  that 
this  reduced  dose  might 
be  sufficient  to  produce 
a  satisfactory  serum. 
Owing  to  reasons  al- 
ready stated,  we  have 
not  as  yet  been  able  to 
decide  this  point,  but 
from  what  has  been 
done  we  may  conclude 
that  (1)  the  serum  of 
hog  1401  is  as  potent 
as  that  of  some  other 
immunes  injected  with 
larger  doses  of  disease- 
producing  blood,  but 
that  it  is  not  equal  in 
potency  to  that  from 
the  majority  of  immunes 
which  received  twice  as 
much  disease-producing 
blood;  (2)  when  given 
in  sufficient  dose  this 
serum  will  protect  per- 
fectly from  a  fatal  dose  of 
disease-producing  blood 
administered  simultane- 
ously with  the  serum;  (3) 
the  immunity  produced 
by  the  serum-simultane- 
ous injections  lasted  at 
least  three  and  one-half 
months,  even  though 
the  treated  hogs  showed 
no  signs  of  reaction  af- 
ter injection;  (4)  it  ap- 
pears possible  that  the 
injection  of  serum  did 
not  lower  the  infectious- 
ness of  the  disease  to 
as  great  an  extent  as 
other  sera  from  immunes 
that  were  given  larger 
doses  of  diseased  blood, 
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far  pen  check  1817  contracted  hog  cholera  from  exposure  to  hogs 
1815  and  1816,  although  only  one  of  these  became  sUghtlj  sick. 
It  will  be  remembered  that  as  a  rule  the  pen  checks  with  serum- 
simultaneous  vaccinated  hogs  remained  well,  and  that  when  the  vac- 
cinated hogs  were  made  desperately  sick  by  the  treatment  the  pen 
checks  occasionally  contracted  disease. 

EXPERIMENTS   WITH   SERUM   FROM   NONHYPERIMMUNIZED  IMMUNES. 

In  view  of  the  very  marked  protective  power  possessed  by  the 
serum  of  hog  1401,  as  shown  in  the  experiment  just  described,  it  was 
considered  advisable  to  test  the  serum  from  at  least  2  immunes  that 
had  not  been  given  any  injections  of  diseased  blood  for  the  purpose 
of  hyp^immunization.  Previous  experiments  of  this  character  had 
not  revealed  any  noticeable  protective  power  in  the  blood  of  normal 
immunes,  but  nevertheless  for  the  sake  of  comparison  it  was  deemed 
best  to  repeat  those  tests.  The  history  of  the  2  immunes  selected 
for  this  work  is  given  in  brief  in  connection  with  the  tests  of  serum 
from  each  of  them  described  below. 

ExPBRiM  BNT  XX. — Serum  from  nonkyperimmunized  immune  14f4* 

This  hog  was  vaccinated  by  the  serum-simultaneous  method  in  the 
1905  experiments,  as.  noted  in  Table  3  of  this  paper.  The  detailed 
history  is  as  follows:  On  December  16,  1905,  hog  1424,  which  weighed 
at  that  time  45  pounds,  was  injected  simultaneously  with  2  c.  c.  of 
disease-producing  blood  and  10  c.  c.  of  hyperimmune  serum  from  hog 
1234.  No  visible  symptoms  of  illness  followed  this  injection,  although 
the  sanie  diseased  blood  caused  the  death  of  all  unprotected  hogs 
that  were  injected  at  the  same  time.  (See  Table  3.)  On  January  9, 
1906,  this  hog  was  exposed  to  virulent  disease  by  being  placed  in  the 
exposure  pen.    This  exposure  was  without  effect. 

On  October  8,  1906,  blood  was  drawn  from  hog  1424,  and  after 
being  d^brinated  and  mixed  with  the  carbolic  acid  solution  in  the 
usual  manner  it  was  used  in  the  following  experiment. 

Two  hogs  were  injected  with  10  c.  c.  each  of  serum  from  hog  1424 
plus  disease-producing  blood,  and  2  with  20  c.  c.  each  of  serum  plus 
disease-producing  blood.  One  untreated  healthy  hog  was  placed 
in  the  pen  with  each  lot  in  the  usual  manner,  and  2  hogs  were  inocu- 
lated with  disease-producing  blood  alone,  a  check  being  placed  in  the 
pen  with  these  also.  The  manner  of  carrying  out  this  experiment 
and  the  results  obtained  are  very  well  shown  in  Table  23. 

From  Table  23  it  may  be  seen  that  the  4  hogs  that  were  injected 
with  disease-producing  blood  and  serum  became  sick.  It  will  be 
seen,  however,  that  only  2  of  these  died,  while  both  of  those  that 
received  disease-producing  blood  alone  died.  It  may  also  be  of  sig- 
nificance, though  not  necessarily  so,  that  both  of  the  vaccinated  hogs 
that  died  showed  symptoms  of  disease  somewhat  later  than  the  hogs 
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that  received  no  serum,  and  they 
also  lived  a  longer  time.  From 
the  small  number  of  tests  carried 
out  it  can  not  be  stated  with 
complete  assurance  that  this 
greater  resisting  power  on  the 
part  of  the  vaccinated  hogs  was 
due  to  the  influence  of  the  im- 
mune serum. 

Experiments  with  Serum  prom  Non- 

HTFERIMMUNIZED   ImMUNE   1295. 

In  order  to  test  further  the 
value  of  nonhyperimmunized 
immune  serum,  the  blood  of 
another  immime  was  used  in  the 
following-described  experiment: 

Immime  hog  1295  was  selected 
for  comparison  with  hog  1424  be- 
cause the  latter  had  never  shown 
any  symptoms  of  illness  after  ex- 
posure to  hog  cholera,  while  the 
former  had  recovered  from  a  mild 
attack  of  that  disease.  It  might 
be  supposed,  therefore,  that  hog 
1424  possessed  natural  immu- 
nity, while  hog  1295  probably 
acquired  immunity  through  a 
mild  attack  of  hog  cholera.  This 
supposition  in  regard  to  hog  1424 
is  not  of  necessity  true,  however, 
because  our  experiments  have 
shown  that  susceptible  hogs 
rarely  become  sick  after  vaccina- 
tion, and  it  is  quite  probable 
that  hog  1424  acquired  immun- 
ity from  vaccination.  This  hog 
1295  was  first  exposed  to  hog 
cholera  on  September  12,  1905. 
At  that  time  the  hog  weighed 
100  pounds.  The  exposure  to 
disease  was  made  by  the  subcu- 
taneous injection  of  disease- 
producing  blood.  Following 
this  injection  hog  1295  became 
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distinctly  though  not  desperately  sick,  showing  the  usual  symptoms 
of  a  rather  mild  attack  of  hog  cholera.  After  recovery  from  this  illness 
hog  1295  was  placed  in  the  exposure  pen,  but  did  not  become  sick. 
This  hog  was  finally  removed  from  the  exposure  pen,  but  was  not 
again  exposed  to  hog  cholera.  Blood  was  drawn  from  hog  1295  on 
November  22,  1906,  and  after  being  prepared  in  the  usual  manner 
was  used  in  the  experiment  next  described. 

Experiment  XXI. — Serum  from  nonhyperimmunized  immune  1295. 

This  experiment  was  modeled  directly  after  the  preliminary  experi- 
ments with  the  hyperimmune  serum,  the  serum-simultaneous  method 
only  being  used^  as  previous  experiments  had  shown  that  all  of  the 
hyperimmunized  hogs  furnished  serum  that  would  protect,  when 
given  in  sufiicient  dose,  from  a  simultaneous  injection  of  disease- 
producing  blood,  and  it  was  evident  that  a  failure  to  protect  from  a 
simultaneous  injection  of  such  blood  would  certainly  render  unneces- 
sary an  experiment  to  determine  the  duration  of  immunity  conferred 
by  serum  alone. 

Table  24. — Experiment  with  serum  from  hog  Itor,  (noTihyperimmunised  ivimune). 


No.  of 

Weight. 

Pounds. 
45 

30 

45 

s 

40 
40 
40 
50 
40 
35 

Material  injected. 

5  c.  c.  serom  and  2  c.  c.  dia- 
ease-producing  blood  of 
hoff  1891. 

Inoculation. 

Autopsy. 

hog. 

Date. 

Result. 

1920 

1921.. 

Nov.  23, 1906 
do 

Sick    Nov.    29;   died 
Dec.  1,1906. 

Sick    Nov.    29;  died 

Deo.  2, 1906. 
Sick     Dec.     8;  died 

Dec.  16, 1906. 
Sick   Nov.   29;    died 

Dec.  2, 1906. 

SickNov.29,1906;died 
Sick    Dec.    13;  killed 

Dec.  20,  1906. 
Sick   Nov.  29;    died 

Dec.  1, 1906. 
Sick   Nov.   29;    died 

Dec.  3,  1906. 
Sick    Dec.    5;     died 

Dec.  9, 1906. 
Sick    Nov.    29;   died 

Dec.  2, 1906. 
Sick   Nov.   29;    died 

Dec.  3, 1906. 
Sick    Dec.    8;     died 

Dec.  19, 1906. 

Hemorrhagic 
lesions. 

Do. 

1922.... 

Pen  check  with  hogs  1920 

and  1921. 
10  c.  c.  •erum  and  2  c.  c.  dia- 

...".r**: 

Hemorrhages 

1923.... 
1924.. 

Nov.  23, 1906 
do 

and  ulcers. 
Hemorrhagic 
lesions. 

Do. 

1925 

Pen  check  with  hogs  1923 
and  1924. 

15  c.  c.  serum  and  2  c.  o.  dis- 
eased blood  of  hog  1891 . 
do 

1926.... 
1927 

Nov.  23,1906 
.do       .     . 

sions. 
Hemorrhagic 
lesions. 
Do. 

1928.... 

Pen  cheek  with  hogs  1928 

and  1927. 
2  c.   c.   disease-producing 

blood  of  hog  1891. 
.    .do. 

Hemorrhages 

1929.... 
1930 

Nov.  23, 1906 
.do       .     . 

and  ulcers. 
Hemorrhagic 

lesions. 
Hemorrhages 

1931 

Pen  check  with  hogs  1929 
and  1930. 

and  ulcers. 
Do. 

Table  24  shows  without  question  the  laclc  of  potency  of  the  serum 
from  hog  1295.  Doses  of  15  c.  c.  of  senmi  did  not  prove  to  be  any 
more  potent  than  doses  of  5  c.  c.^  and  every  hog  in  this  experiment 
died  of  hog  cholera,  the  disease  being  communicaled  to  the  pen 
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checks  in  all  cases.  It  does  not  appear  that  the  serum,  even  in  the 
largest  doses,  exercised  any  retarding  influence  upon  the  incubation 
period  or  upon  the  course  of  the  disease  once  it  had  appeared. 

Summary  of  results  obtained  with  serum  from  nonhypenmmunized  immunes. 

Serum  from  2  immunes  was  used  in  doses  of  from  5  c.  c.  to  20  c.  c, 
and  this  senmi  was  injecte^d  into  nonimmunes  simultaneously  with 
a  fatal  dose  of  disease-producing  blood.  Ten  were  treated  by  this 
process;  all  contracted  hog  cholera,  and  8  died  of  that  disease.  Of 
4  hogs  injected  with  disease-producing  blood  alone,  all  died  of  hog 
cholera.  Five  checks  were  placed  in  the  pens  with  the  vaccinated 
hogs,  and  all  contracted  disease  from  them  and  died.  The  2  pen 
checks  exposed  in  the  pen  with  the  hogs  that  received  disease- 
producing  blood  only  also  died  of  hog  cholera. 

From  the  results  stated  above  it  will  be  seen  that  (1)  the  protec- 
tion afforded  to  nonimmune  hogs  by  the  injection  of  senmi  from 
nonhyperimmunized  immimes  is  very  slight  as  compared  with  that' 
afforded  by  hyperimmune  serum;  (2)  even  in  doses  of  20  c.  c.  the 
protection  afforded  was  not  sufficient  to  prevent  the  death  of  1  of 
the  2  animals  that  received  that  dose;  (3)  the  contagiousness  of 
the  disease  is  not  noticeably  lessened  by  the  injection  of  serum 
from  a  nonhyperimmunized  immune;  and  (4)  the  serum  from  non- 
hyperimmunized immunes  is  not  potent  enough  to  render  its  use 
practicable  in  combating  hog  cholera. 

EXPERIMENTS    Wmi    SUCKLING   PIGS. 

The  following  experiments  with  young  pigs  were  carried  out  for 
the  purpose  of  determining  whether  very  young  pigs  would  react 
to  vaccination  with  immune  serum  in  the  same  manner  as  the  larger 
shoats.  It  was  desirable  to  determine  also  whether  very  much 
smaller  doses  of  serum  might  not  be  used  on  the  small  pigs,  thus 
effecting  a  considerable  saving  in  the  cost  of  vaccination.  The 
plan  adopted  was  to  vaccinate  part  of  a  litter  of  pigs  and  leave  part 
unvaccinated,  so  that  when  the  time  came  for  testing  the  immunity 
of  the  vaccinated  pigs  we  would  have  a  sufficient  number  of  checks 
for  exposure  along  with  the  vaccinated  pigs,  and  additional  infor- 
mation regarding  the  danger  of  hog  cholera  being  transmitted  through 
the  agency  of  vaccinated  hogs  would  also  be  secured. 
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Experiment  XXII.~iSmim-mmu2(an«out 
vaccination  of  sickling  pigi,  uting  serum 
from  immune  1S8S. 

The  5  suckling  pigs  used  in  this  ex- 
periment were  10  days  old  at  the  time 
of  vaccination  and  all  were  vigorous 
and  healthy.  Two  older  pigs  (1730 
and  1731)  were  injected  at  the  same 
time  as  the  suckling  pigs  with  disease- 
producing  blood  alone,  in  order  to  test 
the  virulence  of  the  blood.  By  re- 
ferring to  Table  25  the  method  of  car- 
rying out  the  experiment  may  be  best 
understood. 

Three  of  the  suckling  pigs  were 
given  2  c.  c.  each  of  serum  with  0.25 
c.  c.  of  disease-producing  blood  sub- 
cutaneously;  the  remaining  2  were 
not  treated,  but  the  entire  Utter  was 
left  together,  the  sow  being  given  40 
c.  c.  of  serum  as  a  protection  against 
possible  infection  from  the  vaccinated 
pigs.  No  pigs  were  injected  with  0.25 
c.  c.  of  disease-producing  blood  alone, 
but  the  death  of  pig  1 726  and  the  sick- 
ness of  1725,  in  spite  of  the  injection 
of  the  serum,  indicate  that  0.25  c.  c. 
of  the  disease-producing  blood  used 
in  this  experiment  would  probably 
have  been  sufficient  to  destroy  all  of 
the  injected  pigs  if  the  serum  had  not 
been  used.  The  virulence  of  the 
disease-producing  blood  in  the  usual 
dose,  2  c.  c,  is  shown  by  the  records 
of  hogs  1730  and  1731,  and  the  con- 
tagiousness of  the  disease  is  proven 
by  the  sickness  and  death  of  uninoc- 
ulated  hog  1732,  exposed  in  the  pen 
with  hogs  1730  and  1731.  These  3 
hogs— 1730, 1731,  and  1732— were  of 
course  placed  in  a  pen  to  themselves 
and  did  not  at  any  time  associate 
with  the  other  hogs  in  this  experi- 
ment. The  low  degree  of  contagious- 
ness of  the  disease  following  vaccina- 
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tion,  which  has  been  remarked  upon  in  connection  with  other  experi- 
ments already  described,  is  again  well  shown  in  this  experiment, 
where  the  uninoculated  suckUng  pigs  remained  well  even  though 
they  associated  with  pig  1726,  which  died  from  vaccination. 

The  4  surviving  pigs— 1725,  1727,  1728,  and  1729— were  with  the 
mother  transferred  to  a  pastm-e  that  was  free  from  hog  cholera.  All 
remained  well,  and  approximately  fom*  months  after  vaccination 
they  were  weaned.  Shortly  after  this,  pigs  1725  and  1728  became 
sick  and  died.  Neither  showed  lesions  of  hog  cholera,  and  as  there 
is  nothing  to  show  that  disease  had  ever  been  introduced  into  this 
pasture,  we  must  consider  the  death  of  these  pigs  to  have  been  due 
to  some  other  cause,  the  exact  nature  of  which  we  were  not  able  to 
determine.  For  this  reason  Table  25  does  not  show  the  history  of 
pigs  1725  and  1728  subsequent  to  vaccination.  The  remaining  pigs 
of  this  litter,  1727  and  1729,  one  a  vaccinated  pig  and  the  other  a 
check,  were  placed  in  the  Scribner  exposure  pen  on  February  20, 1907, 
^ust  five  months  after  pig  1727  had  been  vaccinated.  As  a  result  of 
this  exposure  the  check  (1729)  sickened  and  died  on  March  10, 1907, 
while  the  treated  pig  (1727)  remained  well.  The  results  of  this 
exposure  furnish  additional  proof  that  the  death  of  pigs  1725  and 
1728  in  the  pastm-e  before  exposure  was  not  due  to  hog  cholera,  for, 
upon  undoubted  exposure  to  that  disease,  vaccinated  pig  1727, 
treated  in  the  same  manner  as  pig  1725,  remained  well,  while  the 
check  (1729)  died,  thus  indicating  that  had  the  disease  in  the  pasture 
been  hog  cholera  the  vaccinated  pig  (1725)  would  not  have  suc^ 
cumbed,  while  pig  1729,  which  was  later  found  to  be  susceptible, 
would  have  contracted  disease  at  that  time. 

Owing  to  the  loss  of  1  of  the  pigs  of  this  litter  from  vaccination  and 
of  2  others  through  an  intercurrent  disease,  as  just  explained,  this 
experiment  does  not  throw  very  much  light  upon  the  feasibility  of 
vaccinating  suckling  pigs.  It  does  indicate,  however,  that  the  serum 
of  hog  1383,  in  doses  of  2  c.  c,  is  sufficient  in  most  cases  to  protect 
pigs  weighing  5  pounds  from  a  fatal  dose  of  disease-producing  blood 
administered  simultaneously  with  the  serum.  It  appears  also  that 
the  serum  exerted  decided  influence  in  lessening  the  contagiousness  of 
the  disease.  The  weight  that  should  be  attached  to  the  death  of 
check  pig  1729  and  the  survival  of  vaccinated  pig  1727  when  exposed 
together  to  hog  cholera  can  only  be  properly  considered  in  connection 
with  the  behavior  of  other  pigs  under  similar  conditions  and  treated  in 
a  similar  maimer. 
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ExpKRiMENT  XXIII. — Serum-nmul' 
taneou^  vaccination  of  stickling  pigSt 
unng  serum  from  immune  IS  13, « 

Seven  suckling  pigs,  all  of 
the  same  litter  and  about  2 
weeks  old,  were  used  in  this 
experiment.  The  weight  of 
these  pigs  was  approximately 
9  pounds  each,  with  the  ex- 
ception of  2  of  those  reserved 
as  checks,  which  were  a  very 
little  lighter  in  weight.  Of  the 
vaccinated  pigs,  2  were  given 
3  c.  c.  of  serum  from  hog  1313 
and  2  were  given  4  c.  c.  of 
the  same  serum,  each  receiv- 
ing at  the  same  time  0.'25  c.  c. 
of  Scribner  disease-producing 
blood.  The  remaining  3  pigs 
were  left  untreated  to  serve 
as  controls.  Unfortunately, 
as  in  Experiment  XXII,  we 
did  not  have  a  sufficient  num- 
ber of  pigs  to  permit  the  in- 
jection of  some  with  0.25  c.  c. 
of  disease  -  producing  blood 
alone  and  thus  determine  the 
protection  afforded  by  the  se- 
rum at  the  time  of  vaccina- 
tion. For  this  reason  we  were 
forced  to  be  content  with  the 
injection  of  larger  pigs  with  a 
larger  dose,  2  c.  c,  of  disease- 
producing  blooil.  The  vacci- 
nated and  the  unvaccinated 
pigs  of  this  litter  were  left  to- 
gether with  the  sow  after  the 
vaccination;  the  larger  pigs, 
1821  and  1822,  that  were  in- 
jected with  disease-producing 
blood  only,  and  their  pen  check, 
1823,  were  placed  in  a  pen  to 
themselves. 


•**  ii    i^    §§§§§    I    §       I       o  For  history  of  this  immune  see  p.  21. 
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The  death  of  the  2  hogs  (1821  and  1822)  from  the  diseased  blood 
injection  and  the  sickness  and  death  of  hog  1823  from  association 
with  these  two  show  the  virulence  and  the  contagiousness  of  the  dis- 
ease produced  by  the  blood  used  in  the  vaccination  of  the  suckling  pigs. 

All  of  the  vaccinated  suckling  pigs  became  slightly  sick  about 
twelve  days  after  vaccination.  The  symptoms  exhibited  were 
droopiness  and  conjunctivitis,  and  slight  diarrhea  in  some  cases;  this 
had  all  passed  away  after  four  or  five  days.  None  of  the  untreated 
pigs  became  sick.  After  the  recovery  of  the  vaccinated  pigs  the  entire 
litter  with  the  mother  was  placed  in  a  pasture  free  from  disease.  They 
aU  thrived,  and  after  being  weaned  were  placed  in  the  Scribner  exposure 
pen  on  February  20,  1907,  approximately  four  months  after  vaccina- 
tion. As  a  result  of  this  exposure  all  of  the  checks  died  and  showed 
at  autopsy  the  typical  lesions  of  hog  cholera.  In  marked  contrast  is 
the  behavior  of  the  vaccinated  pigs,  none  of  which  became  sick  in  the 
exposure  pen. 

The  results  of  this  experiment  indicate  (1)  that  suckling  pigs  may 
be  vaccinated  by  using  smaller  doses  of  serum  and  disease-producing 
blood  than  is  feasible  in  the  case  of  larger  hogs;  (2)  that  the  immunity 
conferred  by  the  injection  of  these  small  doses  of  serum  and  disease- 
producing  blood  is  quite  durable,  and  (3)  that  the  vaccinated  pigs  are 
not  likely  to  transmit  hog  cholera  to  unprotected  pigs  that  associate 
with  them. 

Experiment  XXIV. — Serum-nmultanecms  vaccination  of  mckling  pigs,  using  serum 

from  immune  1274- 

The  pigs  used  in  this  experiment  were  10  days  old  and  weighed 
about  6  pounds  each.  On  November  1,  1906,  3  of  them  were  injected 
simultaneously  with  3  c.  c.  of  serum  and  0.25  c.  c.  of  disease-producing 
blood  and  3  were  left  untreated.  Two  larger  hogs  (1867  and  1868) 
were  given  2  c.  c.  of  diseased  blood  alone,  and  an  untreated  hog 
was  placed  in  the  pen  as  a  control  on  the  contagiousness  of  the  disease. 
Table  27  shows  very  clearly  that  this  experiment  was  not  a  success, 
for  2  of  the  3  vaccinated  pigs  died  as  a  result  of  the  treatment  they 
received  and  1  of  the  checks  contracted  disease  from  these  and  died, 
thus  leaving  only  1  treated  pig  with  2  checks  for  subsequent  exposure. 
This  exposure,  which  took  place  three  months  and  twenty  days  after 
vaccination,  caused  the  death  of  1  of  the  checks,  while  the  2  other  pigs 
remained  well.  Incidentally  these  results  show  that  0.25  c.  c.  of  the 
disease-producing  blood  used  in  this  experiment  was  sufficient  to 
cause  the  death  of  suckling  pigs. 
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ExFEBDfBNT  XXV. — ImmunuoHon  of 
iuekling  pigs  toith  serum  aUme  from 
immune  1274- 

This  experiment  was  designed 
to  determine  the  protective 
power  of  the  serum  when  used 
alone.  A  litter  of  9  healthy 
pigs,  1  week  old  and  weighing 
about  6  pounds  each,  was  used. 
Five  of  these  pigs  were  given 
5  c.  c.  each  of  serum  from  hog 
1274  subcutaneouslyon  Novem- 
ber 14,  1906,  and  the  remaining 
4  pigs  were  left  untreated.  As 
was  to  be  expected,  no  sickness 
followed  the  injection  of  the 
serum,  and  the  mother,  with 
the  entire  litter  of  pigs,  was 
placed  in  a  lot  supposed  to  be 
free  from  disease.  They  all 
remained  well  until  some  time  . 
during  the  month  of  January, 
when  the  checks  were  found  to 
be  sick.  Pig  1988  was  the  first 
of  these  to  die,  but  the  other  3 
checks  did  not  live  much  longer. 
The  vaccinated  pigs  all  remained 
well.  From  the  lesions  found 
at  the  autopsy  on  the  checks 
there  seems  to  be  no  reason  to 
doubt  that  these  pigs  died  of 
hog  cholera.  We  are  unable  to 
determine  just  when  they  were 
first  exposed  to  infection,  but 
it  seems  probable  that  this 
exposure  took  place  about  ten 
or  tweWe  days  prior  to  the  death 
of  the  first  pigs.  This  would 
place  tlie  date  of  exposure  about 
January  10,  approximately  two 
months  after  the  vaccination. 

It  is  fair  to  assume,  therefore, 
that  the  serum  alone  conferred 
upon  the  treated  pigs  immunity 
which  lasted  for  two  months 
at  least. 
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The  five  treated  pigs  were  given  another 
exposure  by  being  placed  in  the  Scrib- 
ner  exposure  pen  on  February  20,  1907. 
They  did  not  thrive  in  this  pen,  but  none 
of  them  contracted  hog  cholera. 

Summary  of  results  with  suMing  pigs. 

In  looking  over  the  f oiu*  experiments 
which  have  just  been  described  and  which 
were  carried  out  with  very  young  pigs  it 
will  be  seen  that  serum  from  three  dif- 
ferent immunes  was  used,  and  this  was 
given  in  varying  doses.  For  this  reason 
it  is  not  possible  by  merely  averaging 
the  losses  among  vaccinated  and  un- 
vaccinated  pigs  to  determine  the  value 
of  the  serum  for  practical  use,  for  it  is 
probable  that  if  we  had  used  doses  of  5 
c.  c.  in  all  cases  there  would  have  been 
no  deaths  from  vaccination,  and  in  the 
light  of  the  experiments  with  older  pigs 
it  also  seems  probable  that  this  increased 
dose  of  serum  would  not  have  lessened 
the  duration  of  immunity  in  the  vacci- 
nated pigs. 

In  spite  of  the  facts  just  stated,  it  is  at 
least  interesting  to  consider  all  together 
the  results  of  the  experiments  with  suck- 
Ung  pigs.  With  3  of  the  Utters  the  serum- 
simultaneous  method  was  used,  while 
serum  alone  was  used  for  vaccinating  the 
fourth  litter.  In  all,  10  suckUng  pigs 
were  treated  by  the  serum-simultaneous 
method,  and  all  showed  more  or  less 
marked  symptoms  of  illness  after  vac- 
cination, 3  of  them  finally  djdng  of  hog 
cholera.  The  remaining  7  recovered,  and 
6  of  these  were  exposed  to  hog  cholera 
in  an  infected  pen  from  three  and  one- 
half  to  five  months  after  vaccination; 
all  remained  well.  In  the  same  litters 
with  these  10  vaccinated  pigs  there  were 
8  untreated  pigs  reserved  as  checks. 
Only  1  of  these  checks,  all  of  which  asso- 
ciated with  the  vaccinated  pigs,  con- 
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tracted  hog  cholera  from  them.  Of  the  7  remaining  checks,  6  were 
exposed  to  hog  cholera  along  with  the  6  vaccinated  pigs  described 
above.  Of  the  6  checks,  5  died  of  hog  cholera,  thus  showing  a 
marked  difference  from  the  6  vaccinated  pigs,  all  of  which  remained 
well. 

The  remaining  Utter  of  pigs,  it  will  be  remembered,  was  treated 
with  serum  alone,  5  being  given  5  c.  c.  of  serum  while  4  were  reserved 
as  checks  and  not  treated  in  any  way.  Of  these,  all  4  of  the  checks 
died  of  hog  cholera  when  exposed  two  months  later,  while  the  5  vac- 
cinated pigs  all  remained  well. 

The  experiments  with  suckling  pigs  are  not  suflSciently  extensive 
to  warrant  definite  conclusions  being  drawn,  and,  especially  in  view 
of  the  success  of  the  vaccination  with  serum  alone,  more  experiments 
designed  to  test  the  duration  of  immunity  resulting  from  such  injec- 
tions should  be  carried  out,  together  with  additional  experiments 
with  the  serum-simultaneous  method.  The  latter  experiments 
should  be  carried  out  with  somewhat  larger  doses  of  senim,  and  the 
immunity  of  the  vaccinated  pigs  should  first  be  tested  at  the  end  of 
six  or  eight  months.  We  regard  such  experiments  as  being  of  great 
practical  importance  owing  to  the  lessened  cost  resulting  from  the 
reduced  dose  of  serum  and  the  longer  period  of  protection  that  might 
be  secured  by  vaccinating  suckling  pigs. 

CXTBATIVE  VALUE  OF  HYFEBnOCUNE  SEBUM. 

In  previous  pages  a  large  number  of  experiments  dealing  with 
immunization,  through  the  use  of  serum  alone,  as  well  as  through  the 
combined  action  of  serum  and  disease-producing  blood,  have  been 
described,  but  in  those  experiments  no  attempt  was  made  to  deter- 
mine the  curative  value  of  the  immune  serum. 

Two  experiments  which  were  designed  to  throw  some  light  upon 
this  question  have  been  carried  out,  but  before  proceeding  to  a 
description  of  these  a  few  words  should  be  said  concerning  the  way  in 
which  the  hogs  used  in  these  experiments  were  exposed  to  infection. 

In  vaccinating  hogs  by  the  serum-simultaneous  method,  it  will  be 
remembered,  the  method  of  introducing  the  infection  consisted  in  the 
injection  of  the  hogs  subcutaneously  with  a  fatal  dose  of  disease- 
producing  blood.  The  same  end  might  have  been  attained  by  allow- 
ing the  hogs  which  were  to  be  vaccinated  to  associate  with  sick  hogs, 
but  owing  to  the  uncertainty  as  to  the  exact  time  when  infection 
would  take  place  by  mere  association,  and  also  because  such  a  method 
would  not  be  suitable  for  practical  use,  the  blood-injectitm  method  of 
infection  was  used  exclusively  in  the  inmiunization  work. 

12840— No.  102—08 6 
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It  will  be  understood,  however,  that  in  testing  the  curative  power 
of  a  serum  it  is  very  desirable  to  cany  out  the  experiments  with  ani- 
mals imder  natural  conditions  as  neariy  as  possible.  For  this  reason, 
and  also  in  order  that  we  might  compare  results,  one  of  the  experi- 
ments to  test  the  curative  value  of  hyperimmune  serum  was  carried 
out  with  hogs  that  had  been  exposed  to  infection  by  association  sim- 
ply, while  in  the  other  experiments  hogs  that  had  been  infected 
through  disease-producing  blood  injections  were  used. 

In  this  connection  it  may  be  of  interest,  before  considering  the 
experiments  designed  to  test  the  curative  value  of  the  serum,  to  note 
the  results  of  a  single  experiment  which  was  designed  to  test  the  effect 
of  immediate  exposure  to  hog  cholera  by  association  with  sick  animals 
upon  hogs  that  had  been  injected  with  varying  sized  doses  of  immune 
serum. 

Experiment  XXVI. — Immediate  exposure  of  serumrtreated  hogs  to  disease  by  association. 

Six  hogs  were  injected  subcutaneously  with  serum  from  immime 
1383;  two  received  5  c.  c,  two  10  c.  c,  and  two  15  c.  c.  of  the  serum. 
Immediately  after  injection  of  the  serum  all  were  placed  in  the 
Scribner  exposure  pen.  Two  checks,  not  treated,  were  placed  in  the 
same  pen  several  days  later,  as  shoAMi  in  Table  29. 

Table  29. — EiperiTnent  to  test  protective  value  of  J.ii^S  serum  where  the  treated  animals 
were  given  immediate  exposure  by  association. 


No.  of  I 
hog.   I 


Weight.     InjwWd  Oct.  3,  1900,  with- 


Date. 


Exposure. 

Result. 


1767... 
1768... 

1769... 
1770... 
1771... 
1772... 
1773... 

1774... 


Pound*. 
50 
fiO   . 

40 
40  |. 

SO  1. 
50  I 

I 


Sc.c.senim Oct.     3,1900 

do do 


50  ■ 


10  c.  c.  serum 

....do 

15  c.  c.  serum 

....do 

Unvaocinated  check . 

...do 


do 

do 

do 

do 

Oct.     8, 1906 


.do. 


Remained  well 

Sickened  Oct.  10;  died 

Oct.  15.  1906. 

Remained  well 

do 

do 

do 

Sickened   and    died 

Nov.  4.  1906. 
Sickened   and   was 

kiUed  Oct.  18.  1900. 


Autopsy. 


Hemorrhages 
and  ulcers. 


Ilomorrha  g  ic 
lesions. 
Do. 


With  one  exception  (hog  1768,  injected  with  5  c.  c.  of  serum)  the 
hogs  that  received  serum  remained  well,  while  both  of  the  checks 
contracted  hog  cholera,  one  of  them  being  killed  to  secure  blood  for 
other  experiments.  This  experiment  should  be  considered  in  con- 
nection with  Experiment  XXVIII,  in  which  the  same  serum,  instead 
of  being  injected  simultaneously  with  the  exposure  to  disease,  was 
injected  at  varying  intervals  of  time  after  exposure  had  taken  place. 
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It  is  also  interest- 
ing to  compare  these 
results  with  those 
of  experiments  in 
which  the  same 
serum  was  used  in 
approximately  the 
same  doses,  but  in 
which  the  simultane- 
ous exposure  to  dis- 
ease was  made  by 
injecting  disease- 
producing  blood. 
(See  Experiments 
V,  VI,  VII,  and 
VIIL) 

Experiment  XXVII.— 
Curative  value  of  serum 
from  hog  1S8S;  exposure 
through  blood  injec- 
tions. 

Twelve  hogs 
weighing  50  pounds 
each  were  injected 
subcutaneously  with 
2  c.  c.  of  blood  from 
a  sick  hog  on  Sep- 
tember 29, 1906.  Of 
these  12  hogs,  2  were 
not  given  any  serum, 
but  were  .  held  as 
controls  on  the  viru- 
lence of  the  diseased 
blood.  One  hog 
(1766)  was  not  in- 
jected, but  was 
placed  in  the  pen 
with  the  others  to 
test  the  contagious- 
ness of  the  disease. 

Two  days  after 
infection  with 
disease-  producing 
blood  2  of  the 
infected   hogs  were 
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injected  with  15  c.  c.  of  serum  each;  four  days  after  infection  2 
more  hogs  were  given  a  similar  dose  of  serum;  six  days  after  in- 
fection 4  more  of  the  infected  hogs  were  given  serum,  two  being 
given  30  c.  c.  each,  one  35  c.  c,  and  one  50  c.  c;  eight  days  after 
the  disease-producing  blood  was  administered  the  2  remaining  hogs 
of  the  10  reserved  for  treatment  were  given  50  c.  c.  each  of  serum. 
The  accompanying  table  (Table  30)  illustrates  very  well  the  method 
of  carrying  out  the  experiment  and  the  results  obtained.  The  2  hogs 
that  were  given  the  serum  two  da3's  after  injection  remained  per- 
fectly well;  those  that  were  first  given  serum  four  days  after  infection 
became  slightly  sick,  but  recovered.  The  hogs  that  were  given  serum 
on  the  sixth  and  eighth  days  after  infection  were  all  sick  when  treated, 
but  the  course  of  the  disease  was  apparently  not  affected  by  the  treat- 
ment, although  comparatively  large  doses  of  serum  were  used.  The 
same  serum,  however,  when  administered  simultaneously  with  disease- 
producing  blood  proved  effective  in  quite  small  doses  (5  c.  c. — See 
Experiments  V  and  VI).  The  2  hogs  (1762  and  1765)  that  were  not 
treated  with  serum  died  promptly,  as  was  to  be  expected,  and  the 
pen  check  also  contracted  disease  and  died.  The  4  surviving  hogs 
in  this  experiment  were  placed  in  the  Syphax  exposure  pen  a  few  days 
less  than  one  month  after  the  serum  injection;  all  survived  tliis 
exposure. 

If  conclusions  may  be  drawn  from  this  one  experiment,  we  would 
infer  that  even  verj^  large  doses  of  serum  will  not  save  hogs  when  it  is 
injected  more  than  four  da3^s  after  infection,  but  that  prior  to  that 
time  much  smaller  doses  will  suffice. 

Experiment  XXVIII. — Curative  value  of  seni in  from  hog  14<iS;  fxposure  by  association. 

Twelve  healthy  hogs,  weighing  approximately  60  pounds  each,  were 
placed  in  the  Scribner  exposure  pen  on  November  5,  1906.  One  day 
later  3  of  these  were  removed  from  the  exposure  pen  and  2  of  the  3 
were  given  20  c.  c.  each  of  serum,  the  third  hog  being  left  un- 
treated as  a  control.  Tliis  procedure  was  repeated  three  times,  3  hogs 
being  removed  from  the  exposure  pen  on  the  second,  the  fourth,  and 
the  sixth  days  after  exposure.  In  each  instance  2  of  the  3  hogs  were 
injected  subcutaneously  with  20  c.  c.  of  senim  jEroin  hog  1403. 

Table  31  shows  that  none  of  the  hogs  that  were  removed  from  the 
exposure  pen  witliin  forty-eight  hours  after  being  placed  there  showed 
any  signs  of  illness  as  a  result  of  that  exposure;  even  the  controls 
wliich  received  no  serum  remained  well.  Of  the  3  hogs  that  were 
taken  out  of  the  exposure  pen  four  days  after  exposure  all  became 
sick,  but  the  2  that  received  serum  recovered,  while  the  control  died. 
The  results  were  abnost  precisely  similar  in  the  case  of  the  3  hogs  that 
were  removed  from  the  exposure  pen  six  days  after  having  been  placed 
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there,  for  in  this  case  also 
the  2  serum-treated  hogs 
recovered  after  having 
been  somewhat  sick,  while 
the  untreated  control  died 
of  hog  cholera. 

In  summing  up  the  re- 
sults of  this  experiment, 
the  behavior  of  hogs  1870 
to  1875,  inclusive,  when 
lat^r  exposed  to  infection, 
must  be  taken  into  consid- 
eration, for  the  deaths  of 
control  hogs  1872  and  1875 
as  a  result  of  this  second 
exposure  shows  that  they 
were  all  along  susceptible 
to  the  disease.  This  points 
strongly  to  the  likelihood 
that  none  of  the  first  6 
animals  in  tliis  experiment 
became  infected  from  the 
first  exposure  of  one  and 
two  days,  respectively,  in 
the  exposure  pen,  and  the 
immune  serum  can  not, 
therefore,  be  considered  as 
having  exerted  any  cur- 
ative influence  in  these 
cases,  although  its  immu- 
nizing action  is  well  s1io\^ti 
by  the  exposure  of  Decem- 
ber 4, 1906,  just  referred  to. 

The  hogs  that  were 
treated  with  serum  four 
days  and  six  days'  respec- 
tively, after  being  placed 
in  the  exposure  pen  can 
not  be  regarded  as  hav- 
ing become  infected  at 
once  after  being  placed  in 
the  exposure  pen,  for,  as 
showTi  by  the  behavior  of 
the  controls  in  the  lots 
that  were  removed  on  the 
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first  and  second  days,  infection  probably  did  not  take  place  in  any 
of  the  hogs  during  the  first  forty-eight  hours  in  the  exposure  pen. 
On  the  other  hand,  it  is  quite  evident  from  the  behavior  of  hogs 
1876,  1877,  and  1878  that  infection  did  take  place  some  time  prior 
to  the  end  of  the  fourth  day  in  the  exposure  pen.  While  it  is  impos- 
sible, as  already  stated,  to  fix  the  time  of  infection  with  exactness, 
we  know  that  it  took  place  on  the  third  or  fourth  day.  It  is  plain, 
therefore,  that  the  serum  in  doses  of  20  c.  c.  saved  the  life  of  hogs 
that  had  been  infected  from  two  to  four  days  previously. 

DISCUSSION    OF   CURATIVE    ACTION    OF   IMMUNE    SERUM. 

Earlier  experiments  have  shown  that  the  serum  from  hyperim- 
munized  immimes,  when  given  in  sufficient  dose,  may  be  expected 
to  protect  nonimmune  hogs  from  a  simultaneous  infection  with  hog 
cholera,  and  the  two  experiments  just  described  show  that  this  serum 
may  also  be  expected  to  prevent  the  death  of  hogs  when  it  is  admin- 
istered in  moderate  doses  within  four  days  after  infection  actually 
takes  place.  Later  than  this  it  is  probable  that  the  serum  in  virulent 
attacks  of  hog  cholera  will  do  little  good,  even  though  comparatively 
large  doses  are  given.  For  this  reason  it  seems  possible  that  serum 
from  immunes  prepared  in  the  manner  described  in  this  paper  may 
not  prove  suitable  for  general  use  as  a  curative  agent  for  hog  cholera, 
although  in  cases  where  the  disease  is  recognized  soon  after  its  appear- 
ance in  a  herd  the  serum  would  probably  save  many  hogs  that  had 
been  exposed  only  a  few  days.  In  stating  that  the  serum  should  be 
administered  within  four  days  after  infection  to  insure  success,  we 
wish  to  make  it  plain  that  we  refer  to  the  date  of  actual  infection  and 
not  to  the  time  of  first  exposure,  for,  as  is  shown  by  Experiment 
XXVIII,  several  days  may  elapse  before  infection  takes  place  after 
exposure  to  disease  by  association.  (See  records  of  hogs  1872  and 
1875,  Experiment  XXVIII.) 

DUBATION  OF  PROTECTIVE  POWEB  IN  BLOOD  OF  IMMUNES,  ANB 
KEEPING  QUALITY  OF  HYPEBIMMUNE  SEBUM. 

The  oiiginal  plan  of  our  experiments  included  the  testing  of  serum 
drawn  from  the  immunes  at  different  periods  of  time  after  the  last 
injection  of  disease-producing  blood,  and  we  were  able  in  some  instances 
to  test  the  second  and  third  drawings  of  immune  serum,  but  as  these 
later  drawings  of  serum  were  apparently  quite  as  potent  as  the  first 
drawing,  the  question  of  the  duration  of  protective  power  in  the 
blood  of  the  immune  had  not  been  decided  by  the  experiments 
already  described.  For  the  purpose  of  testing  this  matter  still 
further  a  special  experiment  was  carried  out  with  a  drawing  of 
senim  from  immune  1234.  This  hog  furnished  part  of  the  serum 
used  in  the  1305  experiments.     (See  p.  11.) 
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Experiment  XXIX.  —  Potency 
of  serum  drawn  seven  and  one- 
half  months  after  last  treatment 
of  immune. 

This  experiment  practi-  ' 
cally  repeats  the  test  of  se- 
rum from  immune  1234 
that  was  carried  out  in 
1905.  Two  hogs  were  in- 
jected with  10  c.  c.  of  se- 
rum and  2  c.  c.  of  disease- 
producing  blood  each,  and 
2  with  20  c.  c.  of  serum  plus 
the  usual  dose  of  disease- 
producing  blood;  at  the 
same  time  3  hogs  were  in- 
jected with  2  c.  c.  each  of 
disease  -  producing  blood 
alone,  and  1  healthy  hog 
was  placed  in  the  pen  with 
these  in  order  to  make  sure 
of  the  infectiousness  of  the 
disease. 

Table  32  shows  the  man- 
ner of  carrying  out  this 
experiment  as  well  as  the 
residts  obtained.  The  sig- 
nificance of  the  experiment 
may  perhaps  be  best  appre- 
ciated by  a  comparison  of 
the  action  of  serum  from 
the  same  hog  drawn  nearly 
a  year  before,  shortly  after 
an  injection  of  disease-pro- 
ducing blood.  The  action 
of  blood  from  nonhyper- 
immunized  immunes,  as 
shown  in  Experiments  XX 
and  XXI,  should  also  be 
kept  in  mind. 

Table  32  shows  that  all 
of  the  vaccinated  hogs  be- 
came sick  as  a  result  of  the 
treatment,  but  they  all  re- 
covered.  The  3  hogs  (1661 , 
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1662,  and  1663)  that  received  the  same  dose  of  the  same  disease-pro- 
ducing blood  alone  likewise  became  sick  and  all  died,  and  they  com- 
municated the  disease  to  their  pen  check. 

The  vaccinated  hogs  were  exposed  to  hog  cholera  during  the  pas- 

'  ture  outbreak  about  six. weeks  after  vaccination.    They  all  remained 

well  and  when  placed  in  the  Scribner  exposure  pen  three  months  and 

nineteen  days  after  vaccination  were  still  completely  immime  to  the 

disease. 

Inasmuch  as  10  c.  c.  and  20  c.  c.  of  serum  drawn  from  immune  1234 
in  1905  gave  complete  protection  from  a  fatal  dose  of  disease-pro- 
ducing blood,  and  as  the  last  drawing,  made  seven  and  one-half 
months  after  the  last  treatment  with  disease-producing  blood,  gave 
only  partial  protection  (the  serum  in  this  case  prevented  death,  but 
did  not  prevent  illness),  we  may  conclude  that  the  protective  power  of 
the  blood  of  immune  1234  had  diminished  somewhat  seven  and  one- 
half  months  after  the  last  disease-producing  blood  injection.  But 
although  the  potency  was  diminished,  it  was  still  present  in  a  marked 
degree,  and  although,  owing  to  the  limited  number  of  tests  that  have 
been  made,  we  can  not  be  absolutely  certain,  it  is  at  least  reasonable 
to  beHeve  that  this  power  was  due  to  the  previous  injections  of  disease- 
producing  blood  and  not  to  a  natural  protective  power  existing  nor- 
mally in  the  blood  of  the  immime.  (See  experiments  with  blood  from 
nonhyperimmunized  immunes,  p.  71.)  This  question  is  one  of  prac- 
tical importance,  and  further  experiments  along  this  line  will  be  car- 
ried out. 

Experiment  XXX. —  The  keeping  quality  of  immune  serum. 

A  quantity  of  hyperimmune  serum  prepared  in  1905  remained 
unused  in  the  experiments  of  that  year,  and  as  it  was  very  desirable 
to  know  how  long  the  serum,  prepared  with  carbolic  acid,  would  retain 
its  potency,  we  have  utilized  some  of  this  1905  serum  in  experiments 
designed  to  test  this  point. 

The  serum  used  was  from  1905  immunes  Q  No.  2  and  1234,  and  was 
drawn  from  these  hogs  on  December  1,  1905,  and  November  21,  1905, 
respectively.  Immediately  after  being  drawn  these  sera  were 
mixed  with  a  5  per  cent  solution  of  carbolic  acid  in  such  proportion 
that  the  serum  contained  0.5  per  cent  carbolic  acid.  After  the 
addition  of  this  preservative  the  serum  was  placed  in  sterilized  bottles 
and  kept  in  a  cool  place  until  June  6,  1906,  when  it  was  used  in  the 
following  experiment. 

Two  hogs,  W  1925  and  W  1926,  were  injected  subcutaneously 
with  5  c.  c.  of  Scribner  disease-producing  blood,  and  at  the  same 
time  hog  W  1925  was  given  20  c.  c.  and  hog  W  1926  was  given  17 
c.  c.  of  hyperimmune  serum  from  hog  1234.  Hogs  W  1928  and  W 
1929  were  given  5  c.  c.  each  of  the  same  disease-producing  blood,  but 
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received  20  c.  c.  each  of  hyper- 
immune serum  from  immime 
Q  No.  2.  An  untreated  hog  was 
placed  in  each  of  the  two  pens 
with  the  vaccinated  hogs.  As 
controls,  2  hogs  (W  1931  and 
W  1932)  were  each  given  5  c.c. 
of  the  same  disease- producing 
blood  as  was  used  for  injecting 
the  4  serum-treated  hogs.  These 

2  hogs  were  placed  in  a  sepa- 
rate pen. 

As  may  be  seen  from  Table 
33,  none  of  the  4  hogs  that  re- 
ceived the  simultaneous  injec- 
tions of  serum  and  disease-pro- 
ducing blood  showed  any  symp- 
toms of  illness  after  injection, 
while  both  of  the  hogs  that  were 
given  the  disease  -  producing 
blood  alone  sickened  and  died  of 
hog  cholera.  The  4  vaccinated 
hogs,  with  their  2  pen  checks, 
were  exposed  to  hog  cholera 
about  seven  weeks  after  vacci- 
nation. As  a  result  of  this  ex- 
posure, both  check  animals  died 
of  hog  cholera,  while  1  of  the 
vaccinated  hogs  became  slightly 
sick,  but  soon  recovered.     The 

3  other  vaccinated  hogs  did  not 
show  any  signs  of  illness. 

This  experiment  shows  that 
hyperimmune  serum  preserved 
with  carbolic  acid  may  retain  its 
potency  for  at  least  six  months. 

GEHEBAL  8XIMMABT   OF  BE- 
8XILTS. 

In  the  experiments  of  1905 
and  1906,  13  immune  hogs  (in- 
cluding hog  1401)  were  used  for 
the  production  of  serum,  and 
all  of  these,  with  one  exception 
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(immune  Q  No.  1,  1905),  after  hyperimmunization  have  furnished 
serum  that  in  doses  of  15  c.  c.  or  more  gave  protection  from  a 
simultaneous  injection  of  disease-producing  blood.  When  smaller 
doses  of  serum  were  given,  differences  in  the  potency  of  the  various 
sera  could  be  observed.  The  doses  of  immune  serum  given  with 
disease-producing  blood  varied  from  2i  to  20  c.  c,  and,  as  was  to 
be  expected,  some  of  the  hogs  that  received  the  smaller  doses  were 
not  suflGlciently  protected.  In  simmiarizing  the  results  of  these 
experiments,  therefore,  the  percentage  of  loss  which  resulted  from 
vaccination  is  not  to  be  regarded  as  representing  what  would  occur 
in  the  practical  application  of  the  method,  for,  as  already  stated, 
when  a  sufficient  dose  of  serum  is  used  no  deaths  are  caused  by  the 
immimizing  treatment.  Even  though,  for  the  reasons  just  stated, 
the  average  results  of  our  experiments  are  not  to  be  considered  as 
representing  what  should  be  obtained  in  practice,  a  summary  of  these 
results  is  not  without  interest  as  showing  in  a  general  way  the  beha- 
vior of  serum-treated  hogs  as  compared  with  unprotected  hogs  when 
both  are  exposed  to  disease  through  injections  of  disease-producing 
blood. 

In  all,  168  hogs  were  given  a  simultaneous  injection  of  serum  and 
disease-producing  blood,  the  dose  of  serum  varying  from  2i  c.  c.  to 
20  c.  c.  Of  these,  35,  or  21  per  cent,  showed  visible  symptoms  of 
illness  after  injection,  and  15,  or  approximately  9  per  cent  of  the  total 
number,  died.  As  a  contrast  to  this  we  find  that  54  hogs  were 
injected  with  the  same  dose  of  the  same  disease-producing  blood 
alone.  Of  these,  54,  or  100  per  cent,  became  sick,  and  50,  or  92.5 
per  cent,  died  of  hog  cholera.  These  figures,  we  believe,  show  beyond 
doubt  that  by  hyperimmunizing  immimes  in  the  manner  described 
in  this  paper  a  highly  potent  serum  may  be  secured.  We  are  con- 
fident also,  as  a  result  of  the  experiments  we  have  described,  that 
had  we  used  the  larger  doses  of  serum  in  all  cases  or  else  reduced 
the  dose  of  disease-producing  blood  the  percentage  of  deaths  follow- 
ing vaccination  would  have  been  so  small  as  to  be  without  practical 
significance. 

TBANSMISSIOX  OF   DISEASE   BY  HOOS  TREATED  BY   SEBTTM- 
SIMXTLTANEOUS  METHOD. 

To  test  the  possibility  of  disease  being  conveyed  to  normal  hogs 
by  hogs  that  had  been  vaccinated,  58  shoats  were  placed  in  the  pens 
with  the  vaccinated  hogs.  Of  these  pen  checks  none  became  sick 
unless  some  of  the  vaccinated  hogs  with  which  they  associated 
became  severely  ill;  indeed  in  a  nimiber  of  instances  the  pen  checks 
remained  well,  even  though  they  associated  with  vaccinated  hogs 
exhibiting  undoubted  symptoms  of  hog  cholera.  From  this  it  appears 
that  the  immune  serum  not  only  possesses  the  power  to  protect  hogs 
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from  a  simultaneous  injection  of  disease-producing  blood,  but  that 
even  in  cases  where  too  little  serum  is  given  it  yet  has  a  marked  ten- 
dency to  lessen  the  infectiousness  of  the  disease.  Of  the  58  pen  checks 
exposed  to  vaccinated  hogs,  6  contracted  hog  cholera  and  5  died. 

As  a  control  experiment,  19  shoats  were  placed  in  the  pens  with  the 
hogs  that  were  injected  with  disease-producing  blood  alone.  Of 
these,  all  became  sick,  17  died,  1  was  killed  to  secure  blood  for  other 
experiments,  and  1  recovered.  In  other  words,  of  the  pen  checks 
exposed  to  hogs  injected  with  disease-producing  blood  alone,  94  per 
cent  died,  whereas  only  8  per  cent  of  the  checks  exposed  to  vacci- 
nated hogs  succumbed. 

IMMX7NITY  IN  HOGS  AFTBB  SBBmC-SIMXILTAKBOUS  VACCINATION. 

In  describing  the  individual  experiments  attentiori  has  been  called 
to  the  accidental  exposure  to  hog  cholera  of  those  vaccinated  hogs 
that  were  being  reserved  for  a  late  exposure  in  order  to  test  the  dura- 
tion of  the  immunity  conferred  by  the  serum-simultaneous  and  the 
serum-alone  methods.  The  pastiire  in  which  this  accidental  outbreak 
of  disease  occurred  contained  a  large  number  of  hogs  which  had  been 
treated  at  different  times,  and  as  a  consequence  this  exposure  took 
place  only  a  few  weeks  after  vaccination  in  the  case  of  some  of  the  hogs, 
while  in  the  case  of  others  the  interval  between  vaccination  and  expo- 
sure was  as  great  as  three  months.  Aside  from  the  hogs  that  were  acci- 
dentally exposed  in  this  way,  a  considerable  number  were  placed  in 
the  exposure  pen  within  three  weeks  after  vaccination,  the  object 
being  to  compare  the  immunity  at  this  time  with  that  exhibited  by 
others  treated  in  the  same  way  but  exposed  very  much  later.  For  the 
reasons  given,  this  comparison  could  not  be  made  in  all  cases,  and  all 
results  of  exposure  to  hog  cholera  are  therefore  considered  together  in 
this  summary,  it  being  understood  that  exposure  took  place  from  three 
weeks  to  three  months  after  vaccination. 

Of  the  hogs  treated  by  the  serum-simultaneous  method,  136  were 
exposed  to  hog  cholera,  and  4,  or  nearly  3  per  cent,  died  as  a  result, 
while  of  68  unvaccinated  hogs  exposed  under  the  same  conditions,  56, 
or  approximately  82  per  cent,  died. 

In  regard  to  the  4  vaccinated  hogs  that  are  stated  to  have  died  from 
exposure  after  vaccination,  it  should  be  noted  that  there  is  room  for 
considerable  doubt  as  to  the  cause  of  death.  In  only  one  of  these  hogs 
(1780)  were  typical  lesions  of  hog  cholera  found  at  autopsy;  and  as 
this  hog  remained  unthrifty  after  vaccination,  and  as  its  mate  (1781) 
treated  in  the  same  manner  died  from  vaccination,  it  is  not  unlikely 
that  the  intestinal  lesions  foimd  at  the  autopsy  of  hog  1780  resulted 
from  vaccination  and  not  from  exposure.  Neither  of  the  other  three 
hogs  exhibited  lesions  of  hog  cholera  at  autopsy,  and  two  of  them 
(1552  and  1556)  passed  through  exposure  in  the  pasture  and  only  suc- 
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cumbed  when  placed  in  the  exposure  pen.  The  conditions  in  this  ex- 
posure pen  were  not  conducive  to  thriftiness,  for  no  attempt  was  made 
to  disinfect  or  clean  the  pen,  as  this  might  have  defeated  its  object, 
which  was  to  furnish  a  certain  and  severe  exposure  to  hog  cholera. 
Before  leaving  this  subject,  we  wish  to  state  our  conviction  that  as 
small  as  was  the  loss  among  vaccinated  hogs  exposed  to  hog  cholera, 
this  would  have  been  even  less  had  the  exposure  taken  place  under  the 
conditions  usually  met  with  in  practice. 

IMMUNrrY  IN  HOOS  TREATED  WITH  SEBUM  ALONE. 

In  all,  58  hogs  were  treated  with  serum  alone  in  the  experiments 
of  1906.  None  of  these  showed  any  ill  effects  from  the  treatment, 
and  49  were  subsequently  exposed  to  hog  cholera.  Of  these,  23,  or 
47  per  cent,  survived  exposure,  whereas  of  68  imtreated  hogs  which 
served  as  controls  only  18  per  cent  survived.  It  is  thus  evident  that 
the  protection  afforded  by  the  hyperimmune  serum  when  given 
alone,  while  it  did  not  equal  that  afforded  by  the  serum-simultaneous 
method,  was  nevertheless  sufficient  to  protect  nearly  50  per  cent  of 
the  treated  animals  against  subsequent  exposure. 

As  regards  the  duration  of  the  protection  afforded  by  the  serum 
when  given  alone,  we  find  that  of  49  animals  treated  with  serum 
alone,  26  were  exposed  within  three  weeks  after  receiving  the  serum, 
and  23  were  exposed  after  one  to  three  and  one-half  months.  Of 
the  first  lot,  exposed  witliin  three  weeks,  9,  or  34.6  per  cent,  died  as 
a  result  of  the  exposure,  while  of  the  23  exposed  after  one  to  three 
and  one-half  months,  17,  or  73  per  cent,  succumbed.  From  thesp 
results  it  would  seem  that  the  protection  afforded  by  the  serum  when 
administered  alone  is  not  as  lasting  as  when  administered  in  combi- 
nation with  diseased  blood. 

CUBATIVE  VALTTE  OF  HYPERIMMUNE  SEBUM. 

The  exact  methods  of  carrying  out  the  experiments  has  been  de- 
scribed elsewhere.  Twelve  hogs  that  were  certainly  infected  with 
hog  cholera  were  treated  with  serum  after  the  elapse  of  different 
lengths  of  time,  and  the  results  showed  that  doses  of  15  or  20  c.  c. 
were  sufficient  to  save  the  life  of  the  treated  hogs,  provided  the  serum 
was  given  within  four  days  after  the  date  of  infection.  If  given 
later  than  this,  even  much  larger  doses  (35  to  50  c.  c.)  were  not  suffi- 
cient to  save  the  infected  hogs  from  the  severe  exposure  to  which  they 
were  subjected. 


Digitized  by  V3OOQ IC 


DISCUSSION    OF   EESULTS   OF   EXPERIMENTS.  93 

BESTTIiTS  WITH  SEBUH  FROM  HOCXTNES  TREATED  BY  DIFFERENT 
METHODS  WITH  DIFFERENT  DISEASE-PRODUCINO  BLOODS. 

In  the  previous  summaries  simply  the  general  results  have  been 
considered,  without  reference  to  any  differences  that  may  have  been 
foimd  in  the  action  of  serum  prepared  by  the  different  methods  or  by 
the  use  of  different  strains  of  disease-producing  blood,  and  also  with- 
out regard  to  differences  in  the  immunes  tliemselves.  In  discussing 
these  features  we  wish  to  call  attention  again  to  the  fact  that  the 
figures  given  are  not  to  be  taken  as  representing  what  may  be  ex- 
pected in  actual  practice,  for  it  is  probable  that  all  of  the  serum 
would  have  given  better  results  if  the  doses  had  been  somewhat  lai^er 
in  certain  cases. 

COMPARISON     OF    THE     QUICK    AND     SLOW    METHODS     OP     PRODUCING 

HYPERIMMUNE    SERUM. 

The  comparative  potency  of  the  sera  prepared  by  the  quick  and 
slow  methods  may  no  doubt  be  best  shown  by  comparing  the  results 
obtained  by  injecting  nonimmune  hogs  simultaneously  with  serum 
and  a  fatal  dose  of  disease-producing  blood.  In  the  experiments  of 
1905  and  1906,  86  hogs'*  were  treated  in  this  way  with  serum  pre- 
pared by  the  quick  method.  Of  these  86  hogs,  7,  or  approximately  8 
per  cent,  died  from  the  injection.  There  were  treated  with  serum 
prepared  by  the  slow  method  82  hogs,  all  of  which  were  injected  at 
the  same  time  with  disease-producing  blood.  Of  these,  nearly  10  per 
cent  died  as  a  result  of  the  injection.  The  slight  difference  in  favor 
of  the  quick  method  we  are  inclined  to  attribute  to  other  causes  than 
to  the  method  used  for  producing  the  serum,  and  it  seems  probable 
that  one  method  will  be  found  as  suitable  as  the  other  for  producing 
a  potent  serum,  though  of  course  in  either  case  the  potency  might 
be  heightened  by  increasing  the  dose  of  disease-producing  blood 
given  the  immime.  The  potency  of  the  serum  secured  being  equal, 
the  quick  method  would  probably  be  found  more  desirable  for  prac- 
tical use. 

THE    COMPARATIVE    POTENCY    OF   SERA   SECURED  BY    HYPERIMMtTNIZA- 
TION    WITH   THE   8CRIBNER    AND    SYPHiVX    STRAINS   OF   DISEASE. 

Serum  from  8  hogs  was  used,  4  having  been  hyperimmunized  with 
Scribner  disease-producing  blood,  and  4  with  Svpliax  blood.  In  all, 
74  hogs  were  treated  with  serum  from  the  Scribner  immunes  at  the 
same  time  that  they  were  injected  with  disease-producing  blood;  as 
a  result,  4,  or  approximately  5i  per  cent,  died.  In  the  case  of  the 
serum  from  the  Syphax  immunes,  72  hogs  were  given  disease- 
producing  blood  simultaneously  with  serum,  and,  as  a  result,  8,  or  11 

«Tliifl  includes  the  hogs  treated  with  serum  from  immune  1401. 
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per  cent,  died.  The  apparent  lower  potency  of  the  Syphax  hyper- 
immune serum  is  caused  by  the  distinctly  weaker  power  of  the  serum 
from  1  hog  (1310),  a  dose  of  10  c.  c.  of  this  serum  being  too  small 
to  protect  nonimmunes,  although  larger  doses  were  entirely  satis- 
factory. Inasmuch  as  the  average  potency  of  the  serum  from  the 
other  3  immunes  hyperimmunized  with  the  Syphax  blood  was 
quite  as  great  as  that  of  those  treated  with  the  Scribner  blood,  we 
are  inclined  to  believe  that  the  lower  potency  of  serum  from  hog 
1310  was  due  to  some  peculiarity  of  this  hog  and  not  to  a  lower 
hyperimmunizing  power  of  the  Syphax  blood. 

COMPARATIVE    POTENCY    OF    SERA    FROM    HOGS    POSSESSING    NATURAL 
IMMUNITY  AND  FROM  THOSE  POSSESSING  ACQUIRED  IMMUNITY. 

Attention  has  already  been  directed  to  the  difficulty  experienced  in 
deciding  whether  a  particular  animal  should  be  classed  as  one  possess- 
ing acquired  immunity  or  natural  immunity.  In  fact  the  whole  ques- 
tion seems  to  be  simply  one  of  degree  of  resisting  power  on  the  part  of 
the  hog.  In  any  outbreak  of  hog  cholera  it  is  probable  that  at  least 
a  few  hogs  will  survive.  Some  of  these  may  have  been  markedly 
sick  and  have  recovered  only  after  a  long  siege  of  the  disease,  while 
others  may  have  been  only  slightly  indisposed,  and  still  others  may 
not  have  exhibited  visible  symptoms  of  disease.  It  seems  hardly  cor- 
rect to  speak  thereafter  of  one  of  these  hogs  as  a  natural  immune,  and 
to  regard  another  as  having  acquired  immimity  through  the  attack  of 
disease.  We  are  rather  inclined,  in  the  light  of  our  present  knowledge 
of  the  disease,  to  regard  all  hogs  as  being  naturally  susceptible  but 
varying  greatly  in  the  degree  of  resisting  power  which  they  possess. 
If  this  assumption  be  correct,  it  Would  be  expected  that  a  protective 
serum  might  be  obtained  by  the  hyperiminimization  of  any  immune 
hog,  the  differences  in  the  serum  from  different  hogs  being  simply  in 
degree  of  potency  and  depending  probably  upon  the  intensity  of  the 
reaction  produced  by  the  injection  of  diseased  blood. 

In  actual  practice  we  have  been  able  to  secure  but  one  immune  that 
had  actually  been  sick  of  hog  cholera  that  was  vigorous  and  suitable 
for  hyperimmunization.  The  serum  from  this  immune  (1392),  as  the 
records  show,  is  not  more  potent  than  that  obtained  by  similar  meth- 
ods of  hyperimmunization  from  other  hogs  that  had  never  shown 
visible  symptoms  of  illness  when  exposed  to  hog  cholera.  In  fact  the 
sera  from  the  different  immunes,  with  the  exception  of  hogs  Q  No.  2 
and  No.  1310,  were  quite  imiform  in  potency.  The  lessor  potency  of 
the  sera  from  the  two  hogs  just  meiitioned  can  not  be  explained  upon 
the  ground  of  natural  immunity,  but  probably  was  caused  by  some 
individual  peculiarity  which  we  do  not  imderstand. 
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The  remaining  experiments,  not  mentioned  in  this  general  summary, 
have  ah^ady  been  discussed  at  some  length  and  it  seems  unnecessary 
to  refer  to  them  further  at  this  time.  Before  closing  this  discussion, 
however,  we  wish  to  suggest  to  anyone  who  may  have  occasion  to 
repeat  these  experiments  that  it  is  essential  to  make  sure  that  the 
outbreak  from  which  blood  is  secured  for  hyperimmunization  exhib- 
its all  of  the  characteristics  of  hog  cholera**  and  likewise  that  the 
blood  used  in  conjimction  with  the  serum  for  serum-simultaneous 
vaccination  is  taken  from  a  hog  suffering  from  undoubted  hog 
cholera.  In  addition,  more  Ihan  one  hog  should  be  hyperimmimized 
in  order  that  individual  peculiarity  on  the  part  of  one  hog  may  not  lead 
to  erroneous  conclusions.  As  the  methods  herein  described  involve 
the  use  of  a  disease-producing  virus  we  believe  that  only  those  trained 
in  bacteriological  methods  should  attempt  to  use  them,  and  in  all  cases 
before  the  serum  is  employed  in  a  practical  way  the  amount  required 
to  give  protection  from  a  fatal  dose  of  disease-producing  blood 
should  be  determined  experimentally. 

COHGLUSIOHS. 

(1)  When  hogs  immune  from  hog  cholera  are  injected  with  suitable 
amounts  of  virulent  blood  taken  from  hogs  sick  of  hog  cholera  the 
blood  serum  of  the  immunes  acquires  the  power  to  protect  nonim- 
mune hogs  from  an  otherwise  fatal  dose  of  disease-producing  blood 
administered  simultaneously  with  the  serum. 

(2)  Lnmunes  which  have  never  exhibited  symptoms  of  disease 
after  exposure  to  hog  cholera  (natural  immunity)  may  furnish 
equally  as  potent  serum  as  those  which  have  recovered  from  an  at- 
tack of  the  disease  (acquired  immunity). 

(3)  Hyperimmunization  may  be  accomplished  equally  as  well  by 
the  administration  of  one  large  dose  of  disease-producing  blood  as  by 
repeated  injections  of  smaller  doses. 

(4)  Hyperimmimization  may  be  accompUshed  with  blood  from 
any  virulent  strain  of  hog  cholera. 

(5)  Hyperimmunized  hogs  probably  retain  for  several  months  the 
power  to  furnish  a  potent  serum. 

(6)  Serum  from  properly  hyperimmunized  hogs  in  doses  of  20  c.  c. 
should  protect  nonimmunes  weighing  from  25  to  50  pounds  from  a 
fatal  dose  of  disease-producing  blood  administered  simultaneously. 

(7)  Immimity  in  hogs  treated  by  the  serum-simultaneous  method 
lasts  at  least  three  and  one-half  months  and  probably  longer. 

(8)  In  serum-simultaneous  vaccination  it  is  not  necessary  to  pro- 
duce illness  in  the  vaccinated  hog  in  order  to  secure  an  immunity 
lasting  for  at  least  three  months. 

oSee  Bulletin  72,  Bureau  of  Animal  Industry,  p.  12. 
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Fig.  1.— Native  Alabama  Cow  with  Calf  by  Purebred  Hereford  Bull. 


FiQ.  2.— Native  Alabama  Cow  with  Calf  by  Purebred  Hereford  Bull. 


Fig.  3.— Relative  Size  of  3-Year-Old  Scrub  Steer  and  Purebred  Angus  Cow 

of  Same  Age. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington^  D,  (7.,  December  23^  1907. 
Sir:  I  have  the  honor  to  transmit  herewith  for  publication  as  a 
bulletin  of  this  Bureau  a  manuscript  entitled  "  Experiments  in  Beef 
Production  in  Alabama,"  by  Director  J.  F.  Duggar,  of  the  Alabama 
Agricultural  Experiment  Station,  and  W.  F.  Ward,  scientific  assist- 
ant. The  work  was  done  before  Director  Duggar  turned  over  this 
work  to  Prof.  Dan  T.  Gray,  who  is  now  in  charge. 

The  bulletin  is  the  result  of  three  years'  cooperation  with  the  Ala- 
bama Experiment  Station  in  steer  feeding,  and  covers  in  a  compre- 
hensive manner  tests  of  different  feeding  methods  in  use  by  iVlabama 
stockmen  or  considered  worthy  of  trial  in  that  section.  This  will  be 
the  first  bulletin  published  by  the  Bureau  giving  results  obtained 
as  a  direct  result  of  the  appropriation  for  experiments  in  animal 
breeding  and  feeding  in  cooperation  with  State  agricultural  experi- 
ment stations. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Burt'du, 
Hon.  James  Wilson, 

Secretary  of  Agricnltiire.  ^ 
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PREFACE. 


The  investigations  reported  by  Director  Duggar  and  Mr.  Ward  in 
this  bulletin,  although  complete  in  themselves,  were  planned  to  be 
preliminary  to  a  systematic  study  of  the  economy  of  beef  production 
under  southern  conditions,  especially  in  sections  east  of  the  Missis- 
sippi River.  As  a  basis  for  work  it  was  important  to  know  thor- 
oughly the  value  of  southern  feeds  in  steer  feeding. 

The  greatest  agricultural  necessity  of  the  South  to-day  is  live  stock. 
There  are  several  reasons  for  this,  some  of  which  are  to  supply  local 
demands,  to  utilize  the  southern  feedstuffs  to  best  advantage,  and  to 
restore  fertility  to  worn-out  fields.  To  meet  these  demands,  a  study 
must  be  made  of  every  phase  of  animal  husbandry — the  value  of 
southern  feeds,  the  value  of  purebred  sires  to  improve  the  native 
stock,  economy  of  production,  the  relation  of  southern  markets  to 
the  development  of  the  stock-raising  industry,  and  the  influence  of 
soil  and  climatic  conditions. 

The  results  set  forth  in  this  bulletin  add  much  valuable  informa- 
tion to  that  in  bulletins  already  published  by  southern  experiment 
stations,  especially  as  showing  the  relative  values  of  various  feeds  and 
rations.  The  value  of  purebred  sires  has  been  generally  acknowl- 
edged, but  it  is  not  yet  put  into  practice  to  any  great  extent.  Em- 
phasis must  be  placed  not  only  on  the  inferiority  of  native  stock,  but 
on  the  rapid  improvement  that  can  be  made  by  using  purebred  sires. 
Two  instances  may  be  seen  in  Plate  I  of  this  bulletin. 

As  to  economy  of  production,  the  results  of  these  investigations 
show  that  much  is  to  be  learned,  and  as  to  market  conditions  there 
is  a  great  deal  more  to  be  learned.  Soil  and  climatic  conditions 
have  received  very  little  attention  and  will  repay  close  study. 

With  the  progress  of  the  campaign  for  the  extermination  of  the 
cattle  tick,  these  problems  become  still  more  pressing. 

George  M.  Rommel, 
Animal  Husbandman^  Bureau   of  Animal  Industry. 
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EXPERIMENTS  IN  BEEF  PRODUQION  IN  ALABAMA. 


INTBODUCTOBT. 

Within  the  past  decade  there  has  been  a  decided  increase  in  the 
interest  manifested  in  the  growing  of  beef  cattle  in  the  Gulf  States 
east  of  the  Mississippi  River.  This  has  been  largely  due  to  a  decrease 
in  the  amount  of  labor  available  on  farms  and  to  the  belief  that  the 
losses  due  to  the  presence  in  this  region  of  the  cattle  tick  are  in  a  fair 
way  of  being  eliminated,  either  by  the  artificial  immunization  of 
valuable  breeding  animals  brought  from  higher  latitudes  or  by  the 
eradication  of  the  tick.  The  outlook  regarding  the  last-named  solu- 
tion of  the  diflSiculty  is  very  encouraging,  in  view  of  the  success  attend- 
ing the  work  now  being  done  by  the  Bureau  of  Animal  Industry  with 
the  cooperation  of  the  State  authorities  and  the  cattle  owners. 

Numbers  of  bulls  of  the.  beef  breeds  have  been  brought  into  the 
South  during  the  last  decade;  consequently  the  number  of  grade 
beef  cattle  has  rapidly  increased.  Assuming  that  a  grade  animal  of 
the  beef  breeds  can  be  raised  at  a  profit  when  making  its  living  on 
pasturage  on  low-priced  lands,  there  still  remains  the  open  question, 
so  far  as  this  region  is  concerned,  whether  there  is  most  profit  in  mar- 
keting this  animal  directly  from  the  pasture  or  in  feeding  it  for  one 
winter  just  before  shipping  so  as  to  sell  it  at  a  considerably  higher 
price  per  pound.  Of  course  a  variable  answer  to  this  question  will 
be  had,  dependent  (1)  upon  the  difference  in  price  paid  for  southern 
cattle  from  the  pasture  and  from  the  feed  lot;  (2)  upon  the  prices, 
always  fluctuating,  of  southern  feedstuffs;  (3)  upon  the  quality  of 
the  animals  fed,  and  (4)  upon  a  number  of  other  conditions. 

It  was  to  throw  light  upon  some  of  these  questions  that  the  follow- 
ing experiments  were  undertaken  jointly  by  the  Alabama  Agricul- 
tural Experiment  Station  and  the  Bureau  of  Animal  Industry  of 
the  United  States  Department  of  Agriculture. 

Most  ol  the  feeding  of  cattle  in  Alabama  for  fattening  purposes  is 
done  in  the  vicinity  of  the  cotton-seed  oil  mills,  and  almost  exclu- 
sively the  ration  consists  of  cotton-seed  meal  and  cotton-seed  hulls. 
The  high  prices  of  cotton-seed  feed  products  prevailing  during  the 
past  few  years  have  tended  to  prevent  the  extension  of  winter  feeding 
operations.    Those  who  have  been  so  situated  that  they  could  obtain 
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cotton-seed  meal  and  cotton-seed  hulls  at  a  low  price  have  been  able 
to  continue  feeding.  Usually  cotton-seed  meal  is  cheaper  in  the 
immediate  vicinity  of  the  cotton-oil  mills,  and  when  purchased  under 
a  contract  made  before' the  beginning  of  the  crushing  season.  A 
favorite  method  of  securing  low  prices  for  cotton-seed  meal  and  for 
cotton-seed  hulls  by  those  who  have  the  disposal  of  large  amounts  of 
cotton  seed  consists  in  the  exchange  by  the  farmer  of  cotton  seed  for 
the  manufactured  feed  products  of  the  oil  mills. 

The  experimental  work  here  described  was  at  a  disadvantage  in 
all  these  respects,  so  that  the  feedstuffs  cost  more  than  would  be 
the  case  with  more  extensive  feeders  who  are  more  favorably  circum- 
stanced. Nevertheless,  in  spite  of  high  prices  of  feed  the  experiments 
were  entered  upon  with  the  expectation  that  they  would  afford  some 
data  as  to  the  relative  values  of  the  principal  southern  feedstuffs, 
even  though  they  should  not  afford  profitable  results  while  the  prices 
of  feed  should  continue  high. 

The  principal  inducement  for  farmers  to  feed  cattle  on  purchased 
feeds,  chiefly  cotton-seed  meal  and  cotton-seed  hulls,  is  the  great  value 
of  the  manure  produced  from  this  rich  ration.  For  the  farmer  who 
habitually  purchases  cotton-seed  meal  for  use  as  a  fertilizer  it  is 
sound  policy  first  to  pass  this  feed  through  cattle,  after  which  its  fer- 
tilizing value,  if  no  losses  occur,  should  be  more  than  four-fifths  of 
its  original  fertilizing  value.  Unfortunately  fermentation,  leaching, 
and  mechanical  losses  of  the  manure  and  the  cost  of  handling  this 
bulky  article  must  be  taken  into  account  as  deductions  from  the  theo- 
retical value  of  the  manure.  Even  after  this  is  done  such  manure  is 
a  most  profitable  fertilizer,  and  these  losses  are  merely  noted  here 
as  a  means  of  cautioning  farmers  to  reduce  them  to  the  lowest  possi- 
ble limit  when  feeding  is  done  chiefly  as  a  means  of  obtaining  a 
supply  of  manure.  Doubtless  if,  in  the  following  experiments,  we 
had  been  able  to  determine  the  exact  amount  and  value  of  the  manure 
produced  there  would  have  been  a  profit  from  feeding  operations 
which,  as  here  figured,  independent  of  the  manure,  were  often 
unprofitable. 

OBJECTS  OF  THE  EXPEBIMENTS. 

In  planning  these  experiments  two  main  objects  were  in  view. 
These  were  to  throw /additional  light  on  the  questions  (1)  whether 
farm-grown  forage  can  be  substituted  profitably  for  cotton-seed  hulls, 
the  usual  roughage,  and  (2)  to  determine  the  relative  values  of  the 
most  common  southern  concentrated  feedstuffs — cotton  seed,  cotton- 
seed meal,  and  corn.  The  experiments  were  conducted  with  a  total 
of  150  steers;  50  steers  were  fed  for  each  of  three  winters  under  as 
nearly  the  same  conditions  as  possible.  The  steei*s  were  2-year-old 
grades  of  the  beef  and  dual-purpose  breeds,  except  that  one  pen  each 
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year  consisted  of  typical  scrubs.  The  animals  were  divided  into  10 
lots  of  5  steers  each,  in  such  a  way  that  the  results  obtained  would 
permit  of  the  following  comparisons : 

1.  Sorghum  hay  or  fodder  versus  cotton-seed  hulls. 

2.  Shredded  corn  stover  versus  cotton-seed  hulls. 

3.  Sorghum  hay  or  fodder  versus  shredded  corn  stover. 

4.  Corn-and-cob  meal  versus  cotton  see<l  as  the  principal  concen- 
trate. • 

5.  Cotton-seed  meal  versus  com  as  an  appetizer  in  a  cotton-seed 
ration. 

0.  The  effects  of  substituting  corn-and-cob  meal  for  a  part  of  the 
cotton-seed  meal. 

7.  The  value,  if  any,  of  shelter  in  fattening  southern  steers. 

8.  A  comparison  of  scrubs  with  grades  of  the  beef  breeds  or  dual- 
purpose  breeds. 

DETAILS  OF  THE  BXPEBIMENTS. 
TIIK   STEERS   CHEI). 

The  grade  steers  used  were  in  most  cases  2-year-old  half  bloods. 
They  were  out  of  native  cows  from  bulls  of  the  Angus,  Shorthorn, 
Red  Polled,  Hereford,  and  Devon  breeds,  and  were  obtained  in  Wil- 
cox and  Sumter  counties  in  the  central  prairie  region  of  Alabama. 
They  were  not  as  uniform  as  desirable,  because  of  the  fact  that  they 
were  obtained  from  different  men,  as  no  one  man  had  very  many  of 
the  size  and  quality  desired. 
'  The  steers  used  in  the  first  experiment  (1904r-5)  were  smaller,  thin- 
ner, and  poorer  in  quality  than  those  in  the  two  following  years. 
The  steers  were  in  quality  from  "  common  "  to  *'  good,"  the  majority 
being  classed  as  "  medium  feeders." 

The  scrubs  used  were  about  the  average  quality  of  scrubs  and  were 
typical  specimens  of  their  kind.  They  were  3  and  4  year  olds. 
About  half  of  them  showed  traces  of  Jersey  blood,  as  do  a  consider- 
able proportion  of  the  scrub  cattle  of  Alabama.  They  were  thinner 
in  flesh  than  the  grades  in  the  first  experiment,  and  this  undoubtedly 
accounts  for  their  larger  gains  the  first  year. 

The  grade  steers  were  valued  at  3  cents  a  pound  when  put  on  feed. 
The  scrub  steers  cost  2^  cents  a  pound. 

SHELTER,  FEED  LOTS,  AND  WATER  SUPPLY. 

The  feed  lots  were  16  by  90  feet,  the  ground  sloping  away  from  the 
shed.  These  lots  had  a  good  slope,  but  still  became  very  muddy  in 
wet  weather.  The  lot  without  shelter  was  at  times  several  inches 
deep  in  mud,  so  that  the  steers  had  no  dry  place  to  lie  down.  None 
of  the  lots  were  bedded,  though  the  sheds  were.    The  feed  troughs 
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were  under  the  sheds.  The  water  troughs  were  near  the  feed  troughs 
and  under  the  shed,  the  water  being  supplied  from  a  well.  The 
troughs  had  float  valves,  so  that  a  fresh  supply  of  water  was  kept  in. 
them  at  all  times. 

WEIGHING,  ETC. 

The  steers  were  numbered  by  means  of  tags  in  the  ears.  At  the 
beginning  of  the  prAiminary  period  the  steers  were  weighed  and 
divided  as  equally  as  possible  with  a  view  to  getting  the  pens  uniform 
in  quality  and  weight.  At  the  beginning  arid  close  of  the  feeding 
experiment  proper,  the  steers  were  weighed  three  days  in  succession 
to  get  an  average  weight.  The  weighing  was  begun  at  10.30  a.  m., 
the  steers  having  had  access  to  both  feed  and  water.  Each  steer  was 
weighed  at  the  end  of  every  week. 

METHOD  OF  FEEDING. 

The  feed  was  weighed  out  twice  daily  and  fed  at  7  a.  m.  and  5.30 
p.  m.  The  roughage  and  concentrate  were  fed  at  the  same  time. 
The  steers  were  fed  all  the  roughage  they  would  eat  up  clean.  They 
were  salted  once  a  week,  two  days  after  weighing.  They  were 
started  on  a  small  grain  ration,  and  this  was  gradually  increased 
until  they  were  eating  a  full  grain  ration.  A  close  watch  was  kept 
on  them  to  see  that  there  was  no  scouring,  as  this  is  common  in  feed- 
ing cotton  seed  or  cotton-seed  meal  in  large  quantities.  There  was 
little  scouring,  it  being  confined  chiefly  to  the  pens  getting  cotton 
seed.  There  was  a  greater  tendency  to  scour  as  warm  weather  came 
on,  So  at  times  the  grain  ration  had  to  be  cut  down  slightly.  The  pens 
getting  cotton-seed  hulls  had  the  concentrate  mixed  with  the  hulls 
in  the  feed  troughs.  Those  getting  surghum  had  the  grain  mixed 
with  the  cut  sorghum  in  the  same  way  as  the  pens  getting  cotton- 
seed hulls.  The  cowpea  hay  and  the  com  stover  were  fed  in  racks 
just  over  the  feed  troughs,  so  that  any  waste  would  drop  into  the 
troughs. 

Since  the  laxative  effects  of  cotton  .seed  restricted  the  amounts  of 
concentrate  fed  to  pens  8  and  9,  it  was  necessary  to  reduce  the  corn 
ration  of  pen  10  far  below  the  amount  of  corn  usually  fed,  so  that  the 
amount  of  concentrates  fed  to  these  three  pens  would  l>e  the  same. 
The  feeding  period  occupied  84  days  each  year. 

CHARACTER  AND  COST  OF  FEEDS   USED. 

The  cotton-seed  meal  fed  was  of  average  quality,  as  were  the  cotton 
seed,  com,  and  cotton-seed  hulls.  The  husked  corn  was  coarsely 
ground,  and  70  pounds  was  found  to  be  equivalent  to  1  bushel  of 
shelled  corn.    The  corn  stover  was  inferior,  being  coarse  and  very  dry. 
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Fig.  1.— Steers  in  Feed  Lots— First  Experiment. 


FiQ.  2.— General  View  of  Steers  in  Second  Experiment.' 
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FiQ.  1  —Scrub  Steer-First  Experiment. 


Fig.  2— Another  Scrub  Steer— First  Experiment.   \    .  -'  ^ 
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FiQ.  1.— Scrub  Steer— First  Experiment. 


Fig.  2.— Scrub  Steer— Second  Experiment.  - " 
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Fig.  1.— Grade  Red  Poll— First  Experiment. 


Fig.  2.— Grade  Shorthorn— First  Experiment. 
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*    CHABACTEB  AKD  C06T  OF   TEEDS.  IS 

There  was  left  in  the  trouglis  imeftteii  29  per  cent  of  the  stover  that 
was  fe<L  This  refuse  consisted  chiefly  of  the  larger  sections  of  the 
f'om  stalk,  and.  of  course,  its  weight  was  charged  to  the  steers.  This 
waste  material  was  removed  from  the  troughs  when  necessary  and 
ii^etl  as  bedding. 

The  sorghom  forage  fed  varied  considerably  in  different  years,  but 
was  on  the  whole  very  inferior,  being  chiefly  coarse  and  sometimes 
-li«rhtly  moldy.  Ten  per  cent  of  it  was  left  in  the  troughs.  The 
<-owpea  hay  was  below  average  quality,  by  reason  of  the  fact  that  it 
contained  a  small  amount  of  crab  grass.  The  sorghum  was  cut  into 
len^hs  of  about  three-fourths  of  an  inch,  but  the  cowpea  hay  was 
fwl  whole. 

During  the  course  of  each  experiment  the  local  prices  of  com  and 
cotton-seed  meal  and  hulls  were  abnormally  high.  The  average 
market  prices  f<»*lhe  three  years  were  approximately  as  follows: 

(5ttoo-aeAl  meal $24.00 

<'otton    need _  14.00 

rem  (70  ceots  a  boabd) 25.00 

rom-aod-cob  .meal  (com  70  cents  a  baahel) 20.00 

CottoD-aeed  boDa 7.00 

Corn  stoTer  (bome  grown;  nntnled;  estimated) 4.00 

Sorghom  fodder  (home  grown;  nntnled;  estimated) 6w67 

Towpea  bay  (bome  grown;  onbaled;  estimated) 10.00 

Since  the  prices  prevailing  while  these  experiments  were  in  progress 
were  unusually  high,  the  figures  given  above  may  be  regarded  as 
representing  nearly  the  upper  limit  of  prices  for  purchased  feeds 
and  the  market  value  of  the  farm-grown  rou^age  unbaled  on  the 
farm.  By  contracting  in  the  summer  for  the  necessary  amounts,  the 
purchasable  feed  can  sometimes  be  obtained  at  about  the  following 
prices: 

Per  ton. 

Cotton-seed  meal 920.00 

Cotton  seed 12.00 

Corn-and-cob  meal  (com  50  cents  per  bushel) ._   14.67 

Cotton-seed    bulls 4.00 

Com  stover  (homegrown) 4.00 

^^rghum  fodder  (bome  grown) _.       6.67 

Cowpea  bay  (homegrown) 10.00 

Unless  otherwise  stated,  all  financial  calculations  in  this  bulletin 
are  based  on  the  last-named  prices.  The  prices  of  the  roughage 
grown  on  the  farm  would  be  much  lower  and  the  profits?  much 
greater  than  cal(nilated  in  this  bulletin  if  we  could  assume  as  the 
price  of  the  stover  and  hay  the  actual  cost  of  growing  it.  Unfor- 
tunately,  there  are  no  adequate  data  on  record  to  establish  the  cost 
of  growing  a  ton  of  each  of  these  feeds. 
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*     THE  RATIONS. 

The  rations  fed  to  the  various  pens  are  shown  in  Table  1. 
Table  1. — The  ration  fed  to  each  pen. 


Pena  and  steers. 


Ooncentrate. 


Roughage. 


Pen  1  (scrubs) 

Pen  2  (grades) 

Pen  8  (grades) 

Pen  4  (grades) 

Pens  (grades) 

Pen  6  (grades;  no  shelter).!. 
Pen  7  (grades) 

Pen  8  (grades) 

Pen  0  (grades) 

Pen  10  (grades).: _ 


Cotton-seed  meaU. - 

i  eotton-seed  meal,  \  com-and-cob 
meal.  ^ 

Ootton-fleed  meal 

do 

do 

g  cotton-seed  meal,  i  com-and-cob 

meal, 
g  cotton  seed,  i  oottonnwed  meaL. 

I  cotton  seed,  |  com-and-cob  meal 

1  com-and-cob  meal,  i  cotton-seed 
meal. 


Cotton-seed  halls. 
Do. 
Do. 

Shredded  corn  stover. 
Chit  sorghum. 
Cotton-seed  hulls. 
Shredded  com  stover. 

i  cowpea  hay,  \  sorghum. 
Do. 
Do. 


HOGS   POIJiOWINO   THE  STEERS. 

Very  little  corn  being  fed,  and  that  being  ground,  hogs  did  not 
follow  the  steers  except  in  the  first  winter,  fhey  made  such  slight 
gains  that  the  inconvenience  of  having  them  in  the  pens  was  regarded 
as  counterbalancing  the  gains  made.  Ten  pigs,  averaging  81  pounds 
live  weight  when  put  in  the  pens,  followed  the  50  stfeers  for  seventy- 
one  days. .  They  had  access  to  all  pens  and  received  about  2  pounds  of 
shelled  corn  per  dfiy.  The  average  gains  were  0.45  pound  per  day  per 
pig,  requiring  2.5  pounds  of  shelled  corn  to  make  1  pound  of  gain.  It 
appears  that  they  made  about  half  their  living  on  the  droppings.  No 
pig  showed  any  signs  of  cotton-seed  meal  poisoning,  in  spite  of  the 
fact  that  they  often  got  into  the  steers'  feed  troughs.  The  pigs  cost 
4^  cents  a  pound  and  sold  in  New  Orleans  at  5^  cents  a  pound,  live 
weight,  March  28, 1905.  The  net  profit  j^er  pig,  with  corn  at  50  cents 
a  bushel,  was  $1.20. 

COMPAKISON  OF  DAILY  OAIKS. 

Sorghum  versus  cotton-seed  hulls  {pens  2  and  5). — Comparing  the 
daily  gains,  as  shown  in  Table  2,  of  the  pen  fed  on  cut  sorghum  (pen 
5)  with  those  made  by  the  check  lot  on  cotton-seed  hulls  (pen  2), 
we  find  that  cotton-seed  hulls  afforded  larger  daily  gains  in  the  sec- 
ond and  third  years  and  practically  identical  gains  in  the  first 
winter.  The  lower  average  daily  gain  with  sorghum  (1.39  pounds,  as 
compared  with  1.55  pounds  from  feeding  hulls)  is  believed  to  be 
partly  due  to  the  smaller  amount  of  sorghum  than  of  hulls  consumed. 

It  should  be  mentioned  that  the  selling  price  per  hundredweight 
of  the  steers  fed  on  sorghum  was,  each  year,  a  little  below  the  price  of 
those  fed  on  hulls. 
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Shredded  corn  stover  versus  cotton-seed  hulls  {pens  2  and  4). — 
Comparing  shredded  com  stover  (pen  4)  with  the  check  lot  fed  on 
cotton-seed  hulls  (pen  2),  we  Rnd  in  all  three  experiments  that  the 
daily  gains  were  more  rapid  where  the  hulls  were  fed.  The  average 
daily  gain  for  the  three  years  with  stover  was  only  1.19  pounds,  as 
compared  with  1.56  pounds  when  cotton-seed  hulls  were  fed.  This 
may  have  been  due  to  the  f aCt  that  the  steers  could  not  be  induced  to 
eat  as  much  stover  as  hulls. 

Cotton  seed  versics  eom-and-cob  meal  as  the  principal  concentrate 
{pens  8  and  10). — ^The  average  daily  gain  for  the  three  years  is  very 
slightly  in  favor  of  pen  10,  fed  chiefly  on  com-and-cob  meal.  How- 
ever, as  this  difference  in  rapidity  of  gain  represents  less  than  2  per 
cent,  and  since  cotton  seed  was  ahead  in  one  of  the  three  experiments, 
we  are  justified  in  regarding  these  experiments  as  indicating  that  a 
pound  of  cotton  seed  was  practicaUy  equal  to  a  pound  of  corn-and-cob 
meal. 

Cotton-seed  meal  versus  com-and-coh  meal  ojs  an  appetizer  when 
fed  in  connection  with  cotton  seed  {pens  8  and  9). — In  the  preceding 
paragraph,  the  com  and  cotton  seed  constituted  two-thirds  of  the 
weight  of  the  concentrate.  We  now  make  a  comparison  between 
rations  in  which  cotton-seed  meal  and  corn-and-cob  meal  made  up 
only  one-third  of  the  ration. 

The  average  results  for  three  years  are  in  favor  of  cotton-seed 
meal  as  a  supplementary  feed.  Pen  8,  which  received  cotton-seed 
meal  mixed  with  cotton  seed,  gave  an  average  daily  gain  of  1.68 
pounds,  as  compared  with  1.52  pounds  for  pen  9,  which  received  corn- 
and-cob  meal  mixed  with  cotton  seed.  However,  the  results  of  the 
three  different  experiments  are  not  in  accord. 

Effect  of  substituting  com-and-cob  meal  for  one-third  of  the  cotton- 
seed meal  when  fed  with  {a)  hulls  or  {b)  corn  stover  {pens  2  and  3^ 
and  4  and  7). — {a)  Pen  2  was  fed,  as  is  common  in  the  South,  on 
a  ration  of  cotton-seed  meal  and  cotton-seed  hulls.  Pen  3  was  simi- 
larly fed,  except  fhat  corn-and-cob  meal  was  substituted,  pound  for 
pound,  for  one- third  of  the  cotton-seed  meal,  thus  widening  the 
nutritive  ratio.  The  average  results  for  three  years  show  a  slightly 
more  rapid  gain  from  the  use  of  corn-and-cob  meal.  In  two  of  the 
experiments  com-and-cob  meal  afforded  the  more  rapid  gain,  while 
in  the  third  experiment  the  rates  of  gain  were  identical  for  the  two 
rations. 

(6)  Likewise  com-and-cob  meal  was  substituted,  pound  for  pound, 
for  one-third  of  the  cotton-seed  meal  where  the  roughage  was  shredded 
corn  stover  (pens  4  and  7).  The  result  in  this  case  was  also  favorable 
to  the  use  of  corn-and-cob  meal,  the  average  daily  gain  being  slightly 
larger  for  pen  7,  receiving  a  partial  ration  of  corn-and-cob  meal,  than 
for  pen  4,  receiving  only  cotton-seed  meal  as  a  concentrate. 
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Table  2. — Average  daily  gains  and  cof^umption. 


Pro  No. 


Ration. 


Concentrate. 


1  (flcrube.) 

2- ; 


5... 
6.-_ 


8 


Ootton-Med  meaL 
do 

IS  ootton-seed  meal. 

<|    corn  -  and  -  cob 

I    meal. 

Ootton-seed  meal.. 

do 

-do 


10.. 


Roughage. 


Ootton-Beed  hulls. 
do 


do 


>  Shredded    corn 
■tover. 

Cut  so  rghum 

Cotton-seed  hulls.. 

l*^*Ji'^1!!lS™!SMshredded    corn 


Aver- 
age 
daily 
gain, 
1904-^ 

(W 
days). 


i    com  -  and  -  cob 

meal. 

,  I  cotton  seed 

I  cot  ton-seed -meaL 

1  cotton  seed 

I    com  -  and  -  cob 

'   meal. 

I    corn  -  and  -  cob 

meal, 
i  cotton-seed  meaL 


stover. 

I  cowpea  hay 

i  cut  sorghum 

cowpea  hay 

cut  sorghum 

i  cowpea  hay'. 

i  cut  sorghum 


\i 


Lbs. 
2.20 
1.88 

1.98 

1.84 

1.80 
1.82 

1.77 
1.85 
2.10 

2.10 


Aver- 
age 
dally 
gain, 
1905-6 

(81 
days) . 


Lbt. 
1.65 
l.Sl 

1.87 

1.15 

1.12 
1.20 

1.29 
2.00 
1.48 

1.70 


Aver- 

da& 
gain, 
1908-7 

(84 
days). 


Lbs. 
1.30 
1.27 

1.27 

.57 

1.17 
1.60 

.90 

1.10 
.90 

1.34 


Aver- 

da&7 
gain, 
whole 
period 
(262 
days). 


Average 
amount  con- 
sumed per  steer 
per  day,  whole 
period. 


Con- 
cen- 
trate. 


Lbs. 
1.68 
1.56 

1.69 

1.19 

1.39  ! 
1.47  ' 

1.32 
1.68 
1.62 

1.71 


Lbs. 
5.1 
5.6 

6.5 

5.5 

6.6 
6.5 

6.6 
7.1 
7.2 

7.2 


Rough- 
age. 


Lbs. 
18.5 
19.5 

10.4 

17.4 

15.9 
21.3 

16,6 
13.6 
14.9 

16.1 


Effects  of  shelter. — ^The  animals  in  pen  2  were  fed  under  an  open 
shed,  and  pen  6  had  no  shelter.  The  average  daily  gain  for  the  three 
years  was  1.55  pounds  for  the  pen  under  shelter  and  1.47  pounds  for 
the  lot  without  shelter.  In  the  two  wet  winters  (1904-5  and  1905-6) 
the  largest  daily  gains  were  made  by  the  lot  under  shelter ;  but  in  the 
mild  and  rather  dry  winter  of  1906-7  the  lot  without  shelter  made 
more  rapid  gains. 

Scrubs  versus  grades. — ^Pen  1  consisted  of  scrubs — ^that  is,  of*native 
cattle  without  admixture  of  any  improved  beef  blood.  Pen  2  con- 
tained grades  of  the  beef  and  dual-purpose  breeds  as  described  on 
page  11.  The  scrubs  made  an  average  gain  for  three  years  of  1.68 
pounds  and  the  grades  an  average  daily  gain  of  1.55  pounds.  In  the 
first  experiment  the  scrubs  were  notably  thinner  than  the  grades  at 
the  beginning  of  the  feeding  period,  and  hence  the  scrubs  made  more 
rapid  gains.  In  the  other  two  experiments  the  scrubs  and  the  grades 
made  almost  identical  daily  gains. 

FEED  BEQXJIBEMENTS. 

Sorghum  versvs  cotton-seed  hvlls  {pens  2  and  5). — ^The  average  of 
three  years'  results  shows  that  1  pound  of  gain  was  made  with  the  con- 
sumption of  only  3.66  pounds  of  concentrated  feed  in  the  case  of 
the  lot  getting  cotton-seed  hulls,  as  compared  with  4.23  pounds  for 
the  lot  fed  on  sorghum.  Every  year  there  was  a  smaller  consumption 
of  roughage  per  pound  of  gain  in  the  sorghum  lot  than  in  the  lot  fed 
on  hulls,  the  figures  being,  respectively,  11.95  and  13.47  pounds  of 
roughage.     Special  attention  is  called  to  the  very  small  amounts  of 
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Fig.  1.— Grade  Red  Poll— First  Experiment. 


FiQ.  2.— Grade  Hereford— First  Experiment. 
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Fio.  1.— Grade  Aberdeen-Angus  Steer— First  Experiment. 


Fig.  2.— Grade  Aberdeen-Angus  Steer— First  Experiment. 
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Fig.  1.— Grade  Shorthorn— First  Experiment. 


Fig.  2.— Grade  Aberdeen-Angus— First  Experiment. 
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Fig.  1.— Pen  of  Scrubs— First  Experiment. 


Fig.  2.— Pen  of  Grades— First  Experiment. 
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concentrated  feed  (cotton-seed  meal)  required  to  make  1  pound  of 
gain.  When  com  alone  is  fed  in  the  corn  belt  the  amount  required  is 
often  10  to  13  pounds  of  com  for  each  pound  gain  in  live  weight.  In 
this  experiment  pen  2  required  only  about  one-third  the  usual  amount 
of  concentrate  to  produce  a  pound  of  increase  in  live  weight,  which 
emphasizes  the  relatively  high  fattening  value  of  cotton-seed  meal. 

Com  stover  versus  cottonseed  hulls  (pens  2  and  4). — When  corn 
stover  was  fed  ad  libitum  together  with  a  limited  amount  of  cotton- 
seed meal  it  required  5.78  pounds  of  concentrate  for  1  pound  of  gain, 
as  compared  with  3.66  pounds  of  cotton-seed  meal  when  fed  in  con- 
nection with  hulls.  In  the  same  rations  it  required  for  1  pound  of 
growth  18.47  pounds  of  shredded  corn  stover  as  compared  with  only 
13.47  pounds  of  cotton-seed  hulls.  In  other  words,  it  required  59 
per  cent  more  of  cotton-seed  meal  to  make  1  pound  of  gain  when  fed 
with  stover  than  when  fed  with  hulls.  Moreover,  to  make  1  pound 
of  gain  there  was  required  37  per  cent  more  stover  than  hulls. 

Cut  sorghum  versus  shredded  com  stover  {pens  4  (^^  5)« — Com- 
paring the  amounts  of  these  two  feeds  to  make  a  pound  of  gain,  there 
was  required  only  11.95  pounds  of  sorghum  as  compared  with  18.47 
pounds  of  stover,  or  54  per  cent  more  of  stover.  To  produce  the 
same  effect  required  only  4.23  pounds  of  cotton-seed  meal  when  fed 
with  sorghum  as  compared  with  5.78  pounds  of  cotton-seed  meal 
when  fed  with  stover,  or  37  per  cent  more  concentrate  in  the  stover 
ration. 

Cotton-seed  meal  versus  com-and-cob  meal  as  the  principal  con- 
centrate {pens  8  and  10). — ^Taking  the  average  figure  for  the  three 
experiments,  the  amount  of  concentrate  required  to  produce  a  pound 
of  gain  in  a  ration  consisting  chiefly  of  cotton  seed  was  4.39  pounds 
as  compared  with  4.29  pounds  of  concentrate  in  a  ration  consisting 
chiefly  of  com-and'Cob  meal.  With  the  corn  there  was  a  slightly 
less  roughage  (mixed  hay)  required.  However,  these  differences 
were  both  less  than  2.5  per  cent,  so  that  we  may  properly  interpret 
these  results  as  showing  practical  equality  in  the  nutritive  effect  of 
cotton-seed  and  com-and-ccb  meal,  pound  per  pound.- 

Cottonseed  meal  versus  com-and-coh  meal  as  a  s^ipplementary 
feed  with  cotton  seed  {pens  8  and  9). — ^When  only  one- third  of  the 
ration  consisted  of  cotton-seed  meal  or  com-and-cob  meal,  used  to 
make  cotton  seed  more  palatable,  there  were  required  17  per  cent 
more, concentrate  and  10  per  cent  more  roughage  to  make  1  pound 
gain  in  the  ration  containing  corn-and-cob  meal.  In  other  words, 
cotton-seed  meal  was  slightly  more  efficient  than  corn-and-cob  meal, 
when  used  as  a  supplementary  concentrate  or  appetizer. 

Effect  of  suhstitutirig  com-and-coh  meal  for  one-third  of  the 
cotton-seed  meal  when  fed  with  {a)  hulls  or  {h)  corn  stover  {penn  2 
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arid  J,  and  4  and  7). — (a)  When  hulls  constituted  the  roughage  the 
substitution  of  com  for  one-third  of  the  cotton-seed  meal  slightly 
increased  the  amount  of  concentrate  required  per  pound  of  gain 
(3.66  pounds  to  3.96  pounds)  and  slightly  reduced  the  amount  of 
hulls  required  per  pound  of  gain  (from  13.47  pounds  to  11.91 
pounds).  This  shows  that  the  substitution  of  corn  and  the  con- 
sequent widening  of  the  nutritive  ratio  effected  practically  no  economy 
in  the  feed  required. 

(6)  When  a  similar  substitution  was  made  in  a  ration  in  which  the 
rougliage  was  shredded  corn  stover,  this  substitution  of  corn-and-cob 
meal  for  an  equal  weight  of  cotton-seed  meal  gave  contradictory 
results  in  the  different  experiments. 

Effect  of  shelter  {pens  2  and  6). — In  two  experiments  out  of  three 
and  in  the  average  for  three  years,  shelter  resulted  in  a  slight  economy 
in  use  of  concentrated  feed  and  a  slight  loss  in  the  use  of  roughage. 
In  other  words,  shelter  on  the  whole  saved  0.2  of  a  pound  of  cotton- 
seed meal  per  pound  gain  and  lost  0.49  of  a  pound  of  roughage.  The 
steers  out  of  doors  consumed  a  larger  ration  of  roughage. 

Scrubs  versus  grades  {pens  J  and  2), — The  averages  agree  with 
each  of  the  three  experiments  in  showing  that  the  scrubs  required 
slightly  less  concentrate  and  roughage  to  make  1  pound  of  gain  than 
did  the  grades.  These  results  are  chiefly  due  to  the  fact  that  in  the 
first  year's  experiments  the  scnibs  were  thinner  than  the  grades.  In 
the  other  two  years  there  was  practically  no  difference  in  condition 
at  the  beginning  of  the  experiment  and  very  little  in  economy  of 
feed. 

^  Table  8. — Feed  required  to  make  1  pound  of  gain. 


Ration. 

1904-5 

Pounds 

1905-6 

""""""! 

of  food 

Pounds  of  food 

No.  of 
pen. 

Aver- 

required per 

Aver- 

required  per 

age 
dally 
gain 

pound  of  gain. 

daffy 
ffaln 

pound  of  gain. 

Concentrate. 

RonghRffe. 

Con- 

een- 

trate. 

Con- 
cen- 
trate. 

per 

Rough- 

per 

Rough- 

steer. 

age. 

steer. 

age. 

1 

Cotton-seed  meal 

Ootton-seeti  hulls — 

2.20 

1.90  1     8.36 

l.-W 

8.92 

10.57 

2 

tlo ' do 

1.88 

2.7r>  '     9.7r, 

1.51 

4.16 

14.27 

3 

8   rotton-seed  meal,  • do 

i     corn  -  and  -  cob  1 
meal. 

l.«i 

3.06         9.52  . 

1.87 

3.89 

10.94 

4 

Cotton-see<l  meal !  Shredded     corn 

1      stover. 

1.84 

2.78  1      S).,'.9 

l.lo 

5.47 

14.82 

5 

do.._ (Mit  sorghum 

1.89 

2.70         8.64 

1.12 

r)..)3 

13.06 

6 

do Ootton-seed  hulls 

1.62 

3.14      n.4.-> 

•1.29 

4.84 

13.86 

7 

i   cotton-seed  meal,     Shredded      corn 
^     corn  -  and  -  cob  ,      stover, 
meal.                          1 

i.n 

3.:«         8.(W 

1.29 

o.6Jt 

12.84 

8 

fl  cotton  steed,  \  cot-     I  sorghum,   \    pea 
ton-seed  meal.                hay. 

i.a-. 

3.69         8.:.2 

2.00 

3.86 

7.W 

9 

%     cotton     seed,     I  do 

corn-and-cob  meal.  , 

2.10 

3.37         7.37 

1.48 

O.IJI 

9.40 

corn-and-cob  meal.  do 

2.10 

3.37         7.92 

1.70 

4.51 

9.26 

i  cotton-seed  meal .  i 

._ 
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Table  3. — Feed  rvquirvd  to  make  1  pound  of  gain — C^ontlmiwl. 


Ration. 


No.  of 

pen. 


Concentrate. 


1  :  Cotton-seed  meal 

a  do 

3  I  i  cotton-seed  meal, 

I     corn  -  and  •  cob 
I     meal. 

4  ,  Cot ton-^eed  meal 


6  do _ 

6  I do _..  _ 

7  i  cotton-seed  meal, 

i     corn  -  and  -  cob 
meal. 

8  j  i  cotton  seed,  i  cot- 

ton-seed meal. 

9  I  g    cotton     seed,     \ 

com-and-cob  meal. 

10    S  com-and-cob  meal , 

i  cotton-seed  meal. 


Rouffhage. 


Cotton-seed  hulls.. 

. do 

do _- 


Shredded     corn 
stover. 

Cut  sorffhum 

Cotton-seed  hulls 

Shredded     corn 
I     stover. 

i  sorffhum,  |    |)ea 
'     hay. 


.do- — 

do 


Aver- 
age 

dally 

rain 
per 

steer. 


l.SO 
1.27 
1.27 


1.17 

l..'»0 

.90 


1.19 

.99 

1.34 


1904-7 

Pounds  of  food 

required  per 
pound  of  gain. 


age 


cen 
trate. 


4.01 
4.06 
4.94 


Average  for  3  experi- 
ments. 

Pounds  of  food 
Aver-       required  per 
««<*      pound  of  gain. 

gain 

per 

steer. 


1d.06  1.88 
16.89  I  l..V» 
15.26         1.09 


9.10  I     31.00 

4.45  14.15 

3.59  13.61 

7.00  19.88 


1.39 
1.47 
1.32 


.).63       12.97  1.68 

6.80       15.r»4  1.52 

5.00  ,     11.81  i.n 

I 


Con- 
cen- 
trate. 

Rough- 
age. 

8.28 
3.66 
8.96 

11.66 
13.47 
11.91 

5.78 

18.47 

4.23 
3.80 
6.32 

11.95 
12.96 
13.80 

4.39 

9.80 

5.12 

10.77 

4.29 

9.66 

FINANCIAL  STATEMENT. 

Table  4  shows  the  average,  for  three  years,  of  the  weights  of  the 
steers  at  the  beginning  and  end  of  the  experiment  proper,  the  shrink- 
age in  shipment,  the  average  selling  price  in  New  Orleans,  the  aver- 
age shipping  and  selling  expenses  per  steer,  the  total  cost  of  feed  at 
high  and  at  low  prices  (see  p.  13),  and  the  gain  or  loss  per  steer 
(exclusive  of  manure)  calculated  for  both  high  and  low  prices  of  feed. 

Table  4. —  Weights,  shrinkage,  and  financial  statement  {average  for  three  years). 


Selling 


Total 


Total  cost 


Average  i  Average  j 

weight      weight  I  flu-i^w 

TJn  „ftP«r»t«>r'per8tecr|  rSTSf; 
NO.  oi  ^*  t^^j_    %^  4,.       age  per 

~*"        «i«?r.f  ;  kmJ^o*     steer  in     weight    -^--   *^,    Bw«r  nt    i„„^h^ 


pen. 


nunarea   expenses '  2^,^f     steer  at 
steer  at     ,„„  ^^^ 


ment. 


l! 

6  ' 

7  I 

8  i 


Pounds. 

Pounds. 

654 

795 

•     734 

865 

737 

878 

708 

808 

608 

815 

714 

837 

689 

799 

700 

841 

688 

816 

722 

866 

Pound*. 
92  • 
82  i 
811 
63 
67 

73  ' 
(iO 

74  I 
72  ' 

82  ; 


I  Profit  (+) 

high  ^Hc. !-"»«;-» 


^IS' 


feed. 


low  price 
of  feed. 


14.05 

ta27 

110. 62 

$7.4;' 

4.42 

a27 

11.36 

7.9<) 

4.32 

3.27 

11.80 

8.34 

4.11 

3,27 

8.49 

7.56 

4.18 

3.27 

10.01 

9.09 

4.29 

3.27 

11.02 

7.81 

3.97 

3-27 

&95 

7. 87 

4.19 

3.27 

10.  fil 

9.41 

4.12 

3.27 

10.05 

H.ti2 

4.25 

3.27 

12. 04 

10.50 

I 


11.78 
2.05 
'2. 93 
2.40 
2.92 
3.14 
4.16 
2.77 
3.33 
3.08 


4-11.42 
+  1.34 
+     .53 

-  1.47 

-  2.00 
+     .07 

-  3.07 

-  1.58 

-  1.90 

-  2.13 
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i 

JShrmkage. — The  shrinkage  in  shipping  to  market  in  New  Orleans 
was  in  all  three  experiments  larger  than  it  would  have  been  under 
normal  conditions.  In  the  absence  of  facilities  for  loading  cattle 
at  Auburn  the  steers  at  the  end  of  the  first  experiment  had  to  be 
driven  7  miles  before  being  loaded.  In  the  second  and  third  experi- 
ments there  were  unusual  delays  in  transportation;  in  one  case  the 
steers  were  on  the  road  forty-two  hours  between  Auburn  and  New 
Orleans  (a  distance  of  380  miles),  because  of  delayed  trains  and  a 
strike  of  railroad  switchmen  in  New  Orleans.  If  the  steers  had 
reached  their  destination  on  schedule  time,  which  is  about  nineteen 
hours  after  leaving  Auburn,  the  shrinkage  would  undoubtedly  have 
been  less  and  the  financial  results  more  favorable.  To  prepare  the 
steers  for  shipment,  they  were  all  put  on  a  ration  consisting  chiefly 
of  hay  for  one  day  before  leaving  Auburn. 

It  is  interesting  to  note  that  cotton  seed,  although  a  very  laxative 
food,  did  not  increase  the  amount  of  shrinkage  of  pens  8  and  9  as 
compared  with  other  feeds.  The  steers  fed  on  corn  stover  (pens  4 
and  7)  shrunk  least. 

A  verage  selling  price  in  New  Orleans. -^TL^\ai\^  the  average  selling 
price  in  New  Orleans  for  the  three  experiments,  we  find  that  the 
highest  average  return  was  $4.42  per  hundredweight,  for  pen  2,  con- 
sisting of  grade  steers  fed  exclusively  on  cotton-seed  meal  and  hulls. 
The  next  highest  price,  $4.32,  was  obtained  for  pen  3,  in  which  com- 
and-cob  meal  was  substituted  for  a  part  of  the  cotton-seed  meal.  The 
third  highest  price,  $4.29  per  hundredweight,  was  paid  for  pen  6, 
fed  Without  shelter  on  cotton-seed  meal  and  hulls.  This  is  a  reduc- 
tion in  price  of  13  cents  per  hundredweight  as  the  apparent. loss  from 
,  feeding  in  the  open.  This  was  due  to  the  steers  without  shelter  hay- 
ing a  rougher,  duller  coat.  , 

The  steers  getting  corn-and-cob  meal  (pen  10)  as  the  principal 
concentrate  sold  a  little  higher  than  those  fed  on  cotton  seed,  but  not 
as  high  as  those  fed  on  cotton-seed  meal  and  hulls.  The  steers  from 
pens  4  and  7,  getting  corn  stover  as  roughage,  sold  lower  than  any 
of  the  other  grades,  not  being  so  fat.  Pen  5,  getting  sorghum  as 
roughage,  sold  better  than  the  stover  pens  and  about  the  same  as  the 
pens  getting  cotton  seed  and  hay,  but  not  so  well  as  the  others. 

The  scrubs  (pen  1)  sold  for  about  two-thirds  of  a  cent  less  per 
pound  than  grades  getting  the  same  ration,  and  sold  lower  than  any 
others  except  pen  7,  fed  stover  for  roughage.  They  were  probably 
a  little  fatter  than  most  of  the  grades  because  they  were  older  and 
had  fattened  during  the  experiment  instead  of  growing,  as*  some  of 
the  younger  grades  had  done. 
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Fig.  1.— Pen  of  Scrubs— Second  Experiment. 


Fig.  2.— Pen  of  Grades— First  Experiment. 
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Fig   1.— Pen  of  Grades— First  Experiment. 


FiQ.  2.— Pen  of  Grades-Second  Experiment. 
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Pro-fit  or  loss  per  steer. — ^Taking  no  account  of  the  value  of  the 
manure  and  no  account  of  the  gains  made  by  the  hogs  that  followed 
the  steers  the  first  winter,  we  find  that  with  cotton-seed  meal  at  $24 
per  ton,  hulls,  at  $7  per  ton,  and  com  at  70  cents  per  bushel,  there  was 
in  every  combination  of  these  and  other  feeds  a  financial  los^.  This 
simply. shows  that  such  prices  are  too  high  to  permit  profitable  feed- 
ing in  such  rations  as  those  used,  unless  the  margin  between  the  buy- 
ing and  selling  price  of  steers  should  be  wider  than  it  was  in  these 
experiments,  namely,  from  about  one-fourth  to  about  three-fourths  of 
a  cent  per  pound".    (See  Table  6.) 

A  somewhat  better  financial  showing  is  made  when  we  figure  with 
the  more  reasonable  prices  for  the  purchased  feeds  and  the  same 
prices  as  before  for  the  home-grown  stover,  sorghum,  and  cowpea 
hay  (p.  22).  On  this  basis  a  small  profit  was  made  on  all  the  steers 
that  received  cotton-seed  hulls.  On  all  other  pens  there  was  still  a 
financial  loss,  chiefly  due  to  the  relatively  high  price  which  we  have 
assumed  for  sorghum  and  cowpea  hay  in  the  absence  of  any  data 
showing  the  exact  cost  of  producing  this  roughage. 

On  the  basis  of  prices  just  assumed,  the  greatest  profit,  $1.42  per 
steer,  was  made  by  the  scrubs,  because  they  were  bought  at  a  lower 
price  per  pound,  thus  giving  a  larger  margin  (77  cents  per  hundred- 
weight), as  shown  in  Table  6. 

Comparing  the  financial  results  for  the  nine  j^ens  of  grades,  we  find 
that  the  only  three  showing  a  profit  rank  as  follows : 

1.  Pen  2,  fed  on  cotton-seed  meal  and  hulls. 

2.  Pen  3,  fed  on  two-thirds  cotton-seed  meal  and  one-third  corn- 
and-cob  meal  and  hulls.  - 

8.  Pen  6,  fed  or  cotton-seed  meal  and  hulls  (without  shelter). 

The  feeding  of  hulls  was  more  profitable  than  feeding  stover  at 
the  same  price  (pens  2  and  4,  and  3  and  7).  Cotton  seed  was  a  more 
economical  ration  than  corn  (pens  8  and  10). 

Cotton-seed  meal  was  more  economical  than  com-and-cob  meal  as 
a  supplementary  feed  with  cotton  seed.  It  was  slightly  more  profit- 
able to  jfeed  cotton-seed  meal  as  the  sole  concentrate  than  to  substitute 
for  one-third  of  the  cotton-seed  meal  an  equal  weight  of  corn-and-cob 
meal.  This  was  true  whether  the  roughage  consisted  of  hulls  or  corn* 
stover. 

Returns  received  for  roughage  fed. — Table  5  shows  the  actual 
value  in  beef  received  as  the  return  obtained  from  feeding  1  ton  of 
the  several  kinds  of  roughage.  This  is  based  uix)n  the  difference  be- 
tween the  selling  price  of  the  steers  and  the  purchase  price  plus  the 
cost  of  the  concentrate  fed  to  each  pen.    The  figures  given  in  the  first 
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two  columns  are  based  upon  prices  of  $20  a  ton  for  cotton-seed  meal, 
$12  a  ton  for  cotton  seed,  and  50  cents  a  bushel  for  corn. 

This  table  shows  that  on  this  basis  the  average  financial  return  per 
ton  of  roughage,  excluding  the  value  of  the  manure,  was  as  follows: 

CottoQ-seed  hulls,  $4.64  to  $5.82  per  ton. 

Cut  sorghum  fodder  alone,  $3.68  per  ton. 

Mixed  sorghum  and  cowpea  hay,  $5.18  to  $5.92  per  ton. 

Com  stover  when  fed  with  cotton-seed  meal  alone  returned  only 
$1.98  per  ton. 

These  figures  suggest  that  und^r  conditions  prevailing  in  this  ex- 
periment, and  with  cotton-seed  meal  at  $20  a  ton  a  farmer  could  afford 
to  give  $4.64  to  $5.82  a  ton  for  hulls  and  have  manure  to  offset  labor 
of  feeding,  interest  on  investment,  and  profit.  A  quarter  of  a  cent 
margin  in  addition  to  what  was  received  would  enable  one  to  pay  a 
considerably  higher  price  for  feed  or  greatly  to  increase  the  profit  of 
feeding. 

Table  5. — Actual  value  of  roughage  for  feeding  {average  for  three  years). 


Ration. 


No. 

of 

pen. 


Conoentrat'.'. 


Cotton-Boed  meal 

....do 

}  cotton-seed  meal,  | 

com-and-cob  meal. 

Cotton-seed  meal 

do 

....do 

}  cotton-seed  meal,  } 
com-and-cob  meal. 

3  cotton  seed,  }  cot- 
ton-seed meal. 

I  cotton  seed,  4  com- 
and-cob  meal. 

]  cora-«nd-cob  meal, 
I  cotton-seed  meal. 


Uoughagr*. 


Cotton-seed  bulls 

do 

do 

Shredded  com 
stover. 

Cut  soi^ghum 

Cotton-seed  hulls 

Shredded  com 
stover. 

i  pea  hay,  ^  sor- 
ghum. 

do 


....do 


CD 


$103.32 
133.d0 
135.91 

129.41 

127.88 
130.47 
128.74 

124.83 

120.21 

132.64 


"■o    I   xi 
I         3 


H 


P^ 

> 

7,778 
8.200 
8,146 

15.82 
5.64 
4.64 

7,314 

1.98 

6,679 

7,865 
6,958 

3.68 

4.19 

-  .42 

6,538 

5.92 

6,261 

5.30 

6,763 

5.18 

«  In  calculating  the  aelling  price  at  Auburn  the  actual  shrinkage,  which  was  abnor- 
mally high  in  this  experiment  (woo  Table  4),  is  disregarded  and  the  customary  local  .'{ 
per  cent  deduction  substituted  therefor.  The  third  column  of  figures  was  obtained  as 
follows :  :j  per  cent  for  shrinkage  was  deducted  from  the  sum  of  the  final  weights  at 
Aulmm.  This  shrunk  weight  was  then  divided  Into  the  total  amount  received  In 
three  years  for  the  separate  pens  of  steers  in  New  Orleans,  after  deducting  from  the 
gross  sales  the  expense  of  shipping  and  selling,  namely,  $;J.27  per  steer. 

Margin  received  and  margin  neressary  for  profit. — In  Table  6  are 
presented  aveni^e  financial  results  for  three  years,  each  figure 
being  the  average  for  15  steers.  All  the.se  figures,  except  those  in 
line  3,  are  on  the  basis  of  net  prices  in  the  feed  lot  at  the  close  of 
ilie  experiment. 
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Table  6. — Market  values  at  close  of  cj-periment  an4  margin  of  profit  for  eaeh 
lot   (average  for  three  years). 


Classification  of  values.        Pen  1 .   Pen  2. 


$:i74 


Market  value  of  steers  per  ' 
hundredweight  in  feed  lota.  I  $3.27 

What  each  would  have  to 
seUforperhnndiedwelgfat  i 
in  feed  lot  to  come  out  even.     3.04      3.57 

Mai^n  between  buying  price  I 
and  sellingprice  inNew  Or- 
leans. 


Margin  necessarv  between 
buying  and  selling  price  in 
feed  lot  to  come  out  even. . 


1.55      1.42 


Pen  3.   Pen  4. 


$3.63  '  $a49 
3.57  3.«7 
1.32       1.11 


Pen  5. 1  F^n  6. !  Pen  7.   Pen  8.    Pen  9. '  Pen  la 


I 


13.54 

a79 

1.18 


I3.fi2  ,  $3.28     $3.54  I  $3.46  ,      $3.57 


1.29 


.97 


.54        .57  I      .57 


Margin  per  hundredweight 

actually  received  in  feed 

lot 77        .74'      .63 

Not  profit  (+)  or  loss  (-)  I 

persteer +1.42   -fl.34   +  .53 


.67 


.79        .61  I      .68 


.49        .54         .62  ,      .28 
-1.47    -2.00    +  .07    -a07 


a69 
1.19 
.69 


3.60  !        3.83 


1.12 
.69 


.54  j      .46 
-1.68    -1.90 


1.25 

.83 

.57 
-2.13 


Pen  1   (Bcnibs)  fed  cotton-seed  meal  and  hulls. 

Pen  2  fed  cotton-aeed  meal  and  cotton-seed  hulls. 

Pen  3  fed  two-thirds  cotton-seed  meal,  one-third  corn-nnd-cob  meal  and  hulls. 

Pen  4  fed  cotton-seed  meal  and  corn  stover. 

Pen  5  fed  cotton-seed  meal  and  cut  sorghum. 

Pen  6  fed  cotton-seed  meal  and  hulls   (no  shelter). 

Pen  7  fed  two-thirds  cotton-seed  meal,  one-third  corn-and-cob  meal  and  stover. 

Pen  8  fed  two:thlrds  cotton-seed,  one-third  cotton-seed  meal,  and  one-half  cowpea  hay 
and  one-half  cut  sorghum. 

Pen  9  fed  two-thirds  cotton  seed,  one-third  corn-and-cob  meal,  one-hnlf  cowpea  hny, 
and  one-half  cut  sorghum. 

Pen  10  fed  two-thirds  corn-and-cob  meal,  one-third  cotton-seed  meal,  and  ona-hnlf 
hay   and   one-half  cut  sorghum. 

'After  making  allowance  for  (1)  shipping  and  selling  expenses  on  basis  of  full  cars 
of  33  head  per  car;  (2)  shrinkage  in  shipping,  and  (3)  a  3  per  cent  shrinkage  usually 
deducted  by  local  buyers. 

The  first  line  shows  the  actual  market  vahie  of  the  steers  in  the 
feed  lot  at  Auburn  at  the  end  of  the  experiment,  and  shows  the  net 
prices  at  Auburn  after  deducting  shipping  expenses,  etc.,  and  after 
making  allowance  fpr  a  3  per  cent  shrinkage. 

The  second  line  shows  the  price  at  which  it  would  have  been  neo- 
es.sary  to  sell  the  steers  in  the  feed  lots  to  come  out  even. 

The  third  line  shows  the  margin  received  on  the  basis  of  prices 
in  New  Orleans. 

The  fourth  line  teaches  the  important  lesson  of  how  wide  a  margin 
is  necessary  under  these  conditions  between  the  buying  and  selling 
prices  of  steers  in  the  feed  lot.  It  indicates  that  in  general  terms 
a  margin  of  54  to  83  cents  per  hundredweight  in  the  feed  lot  is  nec- 
essary to  come  out  even,  and  that  a  still  wider  margin  would  be 
needed  to  afford  any  direct  profit.  In  case  the  margin  is  calculated 
on  the  difference  l)etween  the  buying  price  of  steers  at  the  beginning 
of  the  experiment  and  the  selling  price  after  shipment,  the  margins 
indicated  above  would  have  to  be  increased  by  an  amount  large 
enough  to  cover  expenses  of  shipment  and  sale.  In  these  experiments 
the  expense  of  shipping  from  Auburn  to  Xew  Orleans  and  selling 
amounted  to  a  little  less  than  half  a  cent  a  pound,  in  addition  to 
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shrinkage.  Hence,  on  the  basis  of  selling  prices  in  New  Orleans  the 
margin  necessary  for  our  feeding  operations  to  have  come  out  even 
would  have  been  the  margin  indicated  in  line  4,  plus  nearly  50  cents 
plus  difference  in  shrinkage,  or  a  total  of  from  $1.25  to  $1.51  per 
hundred  pounds.  To  afford  any  material  profit  at  the  prices  here  as- 
sumed, or  in  case  of  very  heavy  shinkage,  the  feeder  should  receive 
more  than  these  latter  figures. 

Line  5  shows  the  margin  actually  received  between  the  value  of 
the  steers  at  the  beginning  and  at  the  end  of  the  experiment,  both 
calculated  on  the  basis  of  prices  in  the  feed  lot  at  Auburn.  In  most 
cases  this  was  too  small  for  profitable  feeding. 

Line  6  shows  the  net  profit  or  loss  per  steer,  which  has  been 
previously  commented  on. 

DAILT  BATIONS  AND  DBY  MATTEB  BEQUIBED  FOB  100  POUNDS 

OF  GAIN. 

In  Table  7  are  shown  the  average  amount  of  roughage  and  con- 
centrate fed  per  steer  daily  for  the  three-year  period.  It  also  shows 
the  rations  on  the  basis  of  dry  matter  required  to  make  100  pounds  of 
gain.  The  amount  of  roughage  in  the  daily  ration  was  largest  when 
hulls  were  fed,  and  least  when  mixed  hay  was  fed. 

The  least  amount  of  concentrate  was  consumed  when  cotton-seed 
meal  was  used  alone,  usually  from  5.1  to  5.6  pounds  per  day.  When 
corn-and-cob  meal  was  added  to  the  cotton-seed  meal,  the  amount  of 
concentrate  consumed  was  about  1  pound  per  day  greater.  When 
cotton  seed  or  corn-and-cob  meal  constituted  the  principal  concen- 
trate, the  daily  consumption  of  concentrated  feed  was  increased  to 
7.2  pounds. 

In  dry  matter  consumed  per  100  pounds  of  gain,  cotton-seed  meal 
alone  and  a  mixture  of  cotton-seed  meal  and  corn-and-cob  meal  were 
practically  identical  when  fed  with  hulls,  but  the  mixture  was  the 
more  effective  when  fed  with  stover.  With  cotton  seed  the  addition 
of  cotton-seed  meal  as  a  supplement  was  slightly  more  effective  than 
an  equal  weight  of  corn-and-cob  meal.  Corn-and-cob  meal  and  cotton 
seed  were  practically  equally  effective  as  the  principal  concentrate. 
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Table  7.— Daily  rations  and  dry  matter  per  hundredweight  of  gain. 


I>ry 

Average  daily 

No.  of 
pen. 

DaUy 

gain  per 

steer. 

Ooneentrate  per  100 

Rouffbaffe    per    100 
pounds  gain. 

matter 
per  100 
pounds 

ration. 
Conoen-    Rough- 

Pound/i. 

Pounds. 

gain. 

trate. 

age. 

Powndi. 

PoundM. 

Pounds. 

PoundM. 

1 

1.68 

328,  cotton-fleed  meal 

1.166,  cotton-seed  hulli .. 

1,337.7 

5.1 

18.5 

2 

1.55 

866,  cotton-fleed  meal 

1.847,  cotton-seed  halls  .. 

1,533.5 

5.6 

10.5 

3 

1.69 

306,  i  cottoo-seed  meal, 

1  corn-and-eob  meal. 
578,  cotton-Beed  meal 

1,191,  cotton-seed  hullK  .. 

1,413.2 

6.5 

10.4 

4 

1.10 

1347,      shredded      corn 

2,110.2 

5.5 

17.4 

stover. 

5 

1.39 

423,  cotton-fieed  meal 

1,195,  cut  sorghum 

1,398.3 

5.5 

15.0 

6 

1.47 

386,  cotton-seed  meal 

1.208.  cotton-seed  hulls .. 

1,508.3 

5.5 

21.3 

7 

1.32 

6S2,  g  cotton-seed  meal, 
I  com-and-cob  meal. 

1.380.      shredded     com 
stover. 

1,655.4 

6.5 

16.« 

8 

1.68 

430,    1   cotton   seed,    ft 
cotton-seed  meal. 

060,    ft   (K)wi)€a    hay.    ft 
sorghum. 

1,244.8 

7.1 

15.6 

9 

1.52 

512,    1   cotton   seed,    ft 
com-and-cob  meal. 

1.077.  ft  cowpea  hay,   ft 

sorvhum. 
966,    ft   cowpea    hay,    ft 

1,373.0 

7.2 

14.9 

10 

1.71 

1.210.8 

7.2 

16.1 

1 

ft  cotton-seed  meal. 

sorghum. 

Analyses  of  all  feeds,  except  sorghum  and  shredded  corn  stover,  tuken  from  Henry's 
•*  Feeds  and  Feeding."  Analyses  of  sorghum  fodder  and  corn  stover  made  by  C.  L. 
Hare,  of  the  Alabama   Experiment  Station. 


THE  NTTTBITIVE  BATIO. 

The  nutritive  ratio  is  the  proportion  between  the  digestible  protein 
(or  nitrogenous  material)  and  digestible  carbohydrates  to  which  is 
added  a  sum  equal  to  2.25  times  the  digestible  fat.  It  has  been  held 
that  a  nutritive  ratio  of  about  1  to  6  is  especially  favorable  to  the  fat- 
tening of  cattle.  A  ration  consisting  exclusively  of  cotton-seed  meal 
and  cotton-seed  hulls  usually  contains  a  larger  proportion  of  nitrogen, 
and  hence  has  a  narrower  nutritive  ratio  than  indicated  above.  Ap- 
parently the  nutritive  ratio  was  not  a  controlling  factor  in  the  rapid- 
ity of  fattening. 

Table  8. — yutritivc  ratio  of  rafionH  fed. 


No.  of  pen. 

l»04-ft 

1:5.4 
1:4.6 
1:6.3 
1:4.8 
1:4.2 

1906-6 

1:3.8 
1:4.1 
1:5.8 
1:4.1 
1:3.5 

1906-7 

1:5     1 
1:5     1 
1:6.1 
1:4.8 
.     1:4.2, 

No.  of  pen. 

6 

7 

1004-5 

1:4.7 
1:5.7 
1:4.5 
1:6.7- 
1:5.2 

1006-6 

1006-7 

2I      I"            

1:3.0 
1:5.3 
1:4.4 
1:6.8 
1:5.1 

1:4.8 
1:6 

3 

8-  -                      .       _. 

1:4.5 

0 

1:6.7 

5— 

10 

1:5.2 

Noms. — Ether  extract  multiplied  by  2.25  to  get  its  equivalent  in  carbohydrates. 

Analyses  and  digestibility  of  all  feeds  except  sorghum  and  stover  taken  from  Henry's 
*•  Feeds  and  Feeding."  Analyses  of  sorghum  fodder  and  shredded  stover  made  by  0.  L. 
Hare,  of  the  Alabama  Experiment  Station. 

Digestion  coefficients  of  corn  stover  taken  from  Henry's  tables,  and  for  sorghum  from 
Colorado  Experiment  Station  Bulletin  93. 

Average  analy8e9  of  stover  and  sorghum  for  the  years  1905-6  and  1906-7   (Hare). 


Dry 
matter. 


Stover_'__'. 
Sorghum. 


Protelds. 


Nitro- 
gen-free 
extract. 


Crude 
fiber. 


Percent.  Percent.  Percent.  Percent. 

8;-!.  52  4.10  1         4:i.m  m.fiii 

_|         83,98  4.73  40. .50  32.:iU 


Ether 
extract. 


Per  cent. 
1.60 
2.03 
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Digestion  coefflcientft  of  sorghum  and  stover. 


Stover  (Henry) 

Sorghum  (Colo.  Station  Bui.  98)_ 


Dry 
matter. 


Percent. 
57.00 
58.46 


Protelds. 


Percent. 
40.00 
48.01 


Nltro- 
gen-txee 
extract. 


Percent. 
56.00 
61.00 


Crude 
fiber. 


Percent. 
65.00 
49.23 


Ether 
extract. 


Per  cent. 
72.00 
64.90 


43.  68  X      .  56=24.  46  per  cent 
31.  63  X      .  65=-20.  56  per  cent 


Di^stlble  nutrients  In  com  stOTer : 

4.  19X   0.40=  1.68  per  cent  digestible  protein  In  stover. 

diKestible  nltroKen-free  extract, 
digestible  crude  fiber. 

total  digestible  carbohydrates, 
digestible  fats. 

digestible  protein   in  sorghum. 

digestible  nitrogen-free  extract, 
digestible  fiber. 

40.  64  per  cent  total  digestible  carbohydrates. 
2.03X64.90=  1.32  per  cent  digestible  fats. 


45.  02  per  cent 
1.  60X      .72=  1.15  per  cent 
Digestible  nutrients  in  sorghum : 

4.73X43.01=  2.03  per  cent 

40.  56  X  61.  00=24.  74  per  cent 
32.  .30X49.  23=15.  90  per  cent 


SLAUGHTEB  TESTS. 

Through  the  courtesy  of  an  abattoir  company  of  New  Orleans  we 
were  enabled  to  make  slaughter  tests  of  the  steers  butchered  in  New 
Orleans.  A  few  of  the  steers  were  shipped  out  of  the  city  to  butchers 
in  other  places,  and  no  data  as  to  slaughter  tests  of  such  animals 
could  be  secured. 

Dressed  weight. — These  figures  are  on  the  basis  of  the  live  weight 
in  New  Orleans.  The  average  for  three  years  show\s  that  the  scrubs 
dressed  only  54.5  per  cent  as  compared  with  an  average  of  57.2  per 
cent  for  the  grades  fed  on  the  same  ration.  This  means  that  in  every 
100  pounds  gross  weight  there  were  2.7  pounds  more  dressed  meat  in 
the  carcasses  of  the  grades  than  in  those  of  the  scrubs.  The  difference 
in  selling  price  in  New  Orleans  was  37  cents  per  hundredweight  live 
weight  in  favor  of  the  grades. 

The  table  shows  that  the  steers  fed  on  cotton-seed  meal  and  hulls 
dressed  higher  than  those  receiving  any  other  ration,  averaging  57.2 
per  cent.  Next  came  the  group  of  pens  receiving  hay  with  either 
corn  or  cotton  seed  as  the  principal  concentrate,  the  hay  pens  falling 
about  1  per  cent  behind  the  hull  pens.  The  pens  receiving  stover  or 
sorghum  made  the  poorest  showing,  falling  about  1  per  cent  behind 
the  liay  pens,  but  dressing  out  better  than  the  scrubs. 

F<ft  on  intestines  and  manyplies. — Not  even  the  cotton-seed  rations 
influenced  very  markedly  the  proportion  of  gut  and  book  fat «  to  the 
live  weight,  the  percentage  of  this  kind  of  internal  fat  seeming  to 
depend  largely  on  the  individuality  of  the  steers. 

«  Book  fat  is  the  term  used  in  New  Orleans  abattoirs  for  the  fat  surrounding 
the  manyplies,  or  third  stomach. 
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Table  9.- 


-Percentaffc  of  dressed  ireif/ht,  fat,  hUlr,  hlootl,  etc. 
iceight  at  yew  Orleans. 


on  basis  of  live 


Dressed 

First    Second 
year.      year. 

Peret.' Peret. 
»51.5  1    •54.6 
^57.8  1      56.8 

weight. 

( 

First 
year. 

*ijt  and  book  fat.             ' 

First 
year. 

Peret. 

»8.0 
8.2 

»8.1 
8.1 
8.1 

»7.7 

'"•"8?6" 
•8.2 

Hide. 

No.  of 
pen. 

Aver- 
Third   age  for 
year.  ,  three 
1  years. 

Second    Thifd 
year.      year. 

-Uer- 
age  for 
three 
p«-i- 
odit. 

Peret. 
0.88 

"Tds" 

1.42 
1.37 

1.27 

I 

Second  1  Tliird 
year.  |  year. 

2  r  11" 

Peret.  Peret. 
66.9  ,      64.5 
57.6        67.2 

Peret. 
»0.38 
*2.2 
M.17 
1.14 
1.85 
*1.54 

Peret. 
•1.28 
1.18 
1.11 
M.23 
•1.19 
•1.22 

Peret. 
•1.14 

■"i:95" 
»1.05 
•1.30 
1.13 
*1.19 
•1.13 
»1.10 

Peret. 
•9.2 
7.5 
7.6 
»8.9 
•8.3 
•7.4 

"i.s' 
.  •s.o 

Peret. 
•7.7 

3 

i 

.-, 

*56.3  1      57.2 
63.8       »96.4 
68.6  ;    »66.6 

»56.2      •65.8 
.'    »52.1 

58.3         67.3 
66.6  i      55.4 
56.3       466.1 
»59.3  1      67.2 
.-,9.1    

"■"»7T8 
*8.1 

•7.6 
»8.3 

8 

9-_ 

10 

».54.9 

•54.7       »64.6 
•je.O      •57.5 

57.4    

57.8         56.0 
57.1         M.9 

1 

"•r.v 

•1.49 

»1.14 
•1.26 

*8.2 
•8.0 
•7.9 

No.  of 

Mood. 

Second 
year. 

Per  bent. 
2.41 
2.56 
•2.86 
»2.88 
•2.84 
•2.83 

Third 
year. 

Pereent. 

Liver,  lungs,  hea 
diaphragm 

rt,  and 

1. 

Third 
year. 

Paunch  and  Intestines. 

pen. 

First 
y^ar. 

First    '  Second 
year.     |     year. 

First 
year. 

Pereent. 

»18.5 

13.2 

»14.0 

•    16.9 

13.3 

*12.7 

•16.5 

Second 
year. 

Third 
year. 

2 

Pereent. 

2.8 

»2.9 

»2.6 

2.6 

2.6 

»2.9 

Pereent. 

2.8 

*2.7 

»2.8 

2.9 

3.0 

»2.9 

"       "•2"9' 
•8.0 

Percent. 
3.0 

2.8 
•3.1 
»3.0 
•3.1 
•2.8 

•2.9 

Pereent. 

»2.8 
»2.6 
•2.8 
»2.8 
»2.6 
•2.7 
•2.7 

Pereent. 
•18.87 
16.7 
16.2 
•19.6 
•16.9 
•15.38 
•17.1 

Pereent. 
15.6 

3 

7 

2.71 
>3.28 
»2.70 
•2.56 
»2.96 
»3.00 
•2.75 
•3.00 

'~"»i6:5 
*16.7 
•16.1 
•17.7 

8- 

0 

"""•IT 
•2.6 

>2.08 
•2.68 

»18.0 
>17.0 

10 

•is.i 

•17.8 

Unmarked  ])ens  have  an  average  of  5  steers. 
•Average  of  3  steers. 


*  Average  of  4  steers. 


SUMMABY. 


The  conclusions  given  below  are  based  on  the  average  of  the  three 
experiments. 

1.  With  cotton-seed  meal  as  the  sole  concentx'ate  the  average  daily 
gains  were  as  follows:  With  cotton-seed  hulls,  1.55  pounds;  with  cut 
sorghum  fodder,  1.39  pounds;  with  shredded  corn  stover,  1.10  pounds. 

2.  With  mixed  cowpea  and  sorghum  hay  as  the  roughage,  and 
v/ith  one-third  of  the  concentrate  consisting  of  cotton-seed  meal,  the 
daily  gain  per  steer  from  feeding  cotton  seed  was  1.68  pounds,  and 
from  feeding  an  equal  weight  of  corn-and-cob  meal  1.71  pounds. 

3.  To  produce  1  pound  increase  in  live  weight  required  practically 
equal  amounts  of  cotton  seed  and  of  corn-and-cob  meal.  This  shows 
that  under  the  conditions  of  these  experiments  a  pound  of  cotton  seed 
was  equally  as  valuable  as  a  pound  of  corn-and-cob  meal.  Cotton 
seed  is  cheaper  per  pound,  and  hence  is  the  more  economical  feed. 

4.  Cotton-seed  meal  proved  more  effective  and  economical  than 
corn-and-cob  meal  when  each  was  fed  as  an  appetizer  in  connection 
with  cotton  seed. 
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6.  When,  in  a  ration  of  cotton-seed  meal,  one-third  of  the  weight 
of  the  cotton-seed  meal  was  substituted  by  an  equal  weight  of  com- 
and-cob  meal,  the  daily  gains  were  slightly  increased.  The  amount 
of  concentrate  per  pound  of  gain  was  greater  with  the  mixed  ration, 
making  this  slightly  less  profitable  than  the  ration  containing  cotton- 
seed meal  as  the  sole  concentrate. 

.  6.  The  effect  of  shelter  varied  with  the  character  of  the  winter.  In 
two  tests  shelter  increased  the  daily  gains  and  decreased  the  amount 
of  feed  required  per  pound  of  gain.  In  the  third  experiment  the 
pen  fed  without  shelter  made  the  larger  gi&ins  and  better  use  of  its 
feed.  The  average  of  three  years  is  in  favor  of  shelter.  The  selling 
price  in  all  three  experiments  was  higher  for  the  steers  led  under 
shelter,  the  average  difference  being  13  cents  per  hundredweight  in 
favor  of  the  sheltered  steers. 

7.  The  scrub  steers  in  two  experiment^  made  practically  the  same 
daily  gains  at  practically  the  same  cost  as  the  grades.  At  the  begin- 
ning of  the  other  experiment  the  scrubs  were  thinner,  and  they 
gained  more  rapidly  and  economically. 

8.  Heavy  shrinkage  during  shipment,  due  to  unusual  delays, 
greatly  reduced  the  possible  profits. 

9.  The  average  selling  price  of  grades  in  New  Orleans  ranged  be- 
tween $3.97  (for  the  pen  fed  on  corn  stover,  cotton-seed  meal,  and 
corn-and-cob  meal)  and  $4.42  (for  the  pen  fed  on  cotton-seed  meal 
and  hulls). 

10.  Of  the  eight  rations  fed  the  following  were  the  most  profitable 
at  prices  assumed:  (1)  Cotton-seed  meal  and  hulls;  (2)  two-thirds 
cotton-seed  meal,  one-third  corn-and-cob  meal,  with  cotton-seed  hulls 
as  roughage.  With  cotton-seed  meal  at  $20  a  ton,  hulls  were  worth 
in  these  experiments  from  $4.62  to  $5.82  per  ton.  Inferior  sorghum 
fodder  and  corn  stover  were  worth  less  than  hulls. 

11.  A  margin  ranging  between  0.54  and  0.83  of  a  cent  per  pound 
in  the  feed  lots  for  the  different  lots  would  have  made  the  feeding 
operations  come  out  even.  To  find  the  corresponding  margin  be- 
tween purchase  price  and  selling  price  in  New  Orleans,  any  intend- 
ing shipper  can  add  an  amount  sufficient  to  cover  expenses  of  ship- 
ping and  selling  and  shrinkage. 

12.  The  scrubs  dressed  out  54.3  per  cent  as  compared  with  57.2  per 
cent  for  grades  fed  on  a  similar  ration. 

13.  In  percentage  of  dressed  weight  the  best  showing  was  made 
by  the  steers  fed  on  cotton-seed  meal  and  hulls,  and  the  poorest 
by  those  fed  on  corn  stover  or  on  sorghum  fodder.  The  steers  re- 
ceiving mixed  hay  ranked  lower  in  percentage  of  dressed  weight 
than  those  fed  on  hulls  and  higher  than  those  fed  on  sorghum  or 
corn  stover. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  (7,  January  2,  1908. 
Sir:  I  have  the  hoiMMr  to  tnattmit,  and  to  recommend  for  publi- 
cation as  Bulletin  104  of  this  Bureau,  the  aceompaBying  manuscript 
entitled  '^Medical  Milk  Commissions  and  the  Production  of  Certified 
Milk  in  the  United  States/'  by  Clarence  B.  Lane,  assistant  chief  of 
the  Dairy  Division  of  this  Bureau.     The  writer  gives  a  history  of  the 
movement  which  has  brought  about  the  organizationL  of  milk  com- 
missions in  a  number  of  cities  throughout  the  country,  and  describes 
the  methods  used  in  the  production  of  what  is  termed  **  certified 
milk."     The  work  of  milk  commissions  and  the  production  of  cer- 
tified milk  not  only  result  in  supplying  a  high-grade  product  for 
special  uses,  but  are  believed  to  be  important  factors  in  improving 
the  quality  oi  the  general  milk  supply. 
Respectfully, 

A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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MEDICAL  MILK  COMMISSIONS  AND  THE  PRODUCTION 
OF  CERTIFIED  MILK  IN  THE  UNITED  STATES. 


I —THE  WORK  OF  MILK  COMMISSIONS. 


The  organization  of  milk  commissions  in  this  country  was  an  im- 
portant step  toward  the  improvement  of  the  quality  of  milk.  While 
the  number  of  commissions  is  very  limited  and  the  milk  produced 
under  their  supervision  amounts  to  only  a  fraction  of  1  per  cent  of  the 
10,000,000,000  quarts  or  more  of  market  milk  annually  consumed,  the 
great  value  of  certified  milk  to  invalids  and  its  influence  in  reducing 
the  mortality  among  infants  and  children  are  beyond  estimation. 
Further,  the  work  of  milk  conmiissions  has  had  no  little  influence  in 
improving  the  general  milk  supply  of  cities  where  such  conmiissions 
exist,  by  setting  a  higher  standard  of  quality  and  by  creating  public 
sentiment  in  favor  of  pure  milk. 

THB  rrasT  coioassioN:  rrs  oboanization  and  objects. 

The  beginning  of  this  movement  dates  back  to  1890,  when  the  Med- 
ical Society  of  New  Jersey  made  an  effort  to  improve  the  milk  produc- 
tion in  that  State.  A  committee  was  appointed  to  make  an  investiga- 
tion of  the  milk  supply  as  far  as  it  affected  the  pubUc  health.  After 
two  years'  work  this  committee  submitted  a  report  condemning  many 
of  the  methods  employed  in  the  production  and  handling  of  milk  and 
advising  an  ap]>eal  to  the  State  for  a  strict  scientific  supervision  of  all 
the  dairies  within  its  limits.  The  appeal  was  made,  but  failed.  While 
the  need  was  admitted,  the  authorities  pleaded  lack  of  funds  for  mak- 
ing the  changes  suggested.  n 

This  effort  having  met  with  defeat,  another  line  of  work  was  resorted 
to.  The  chairman,  a  Newark  physician,  presented  a  plan  in  1892  to 
the  Practitioners'  Club  of  that  city  whereby  physicians  might  them- 
selves supervise  the  production  of  milk  and  thus  be  perfectly  sure  of  its 
purity.  The  requirements  for  the  production  of  certified  milk  were 
given  with  the  utmost  detail.  It  was  recommended  that  a  milk  com- 
mission be  formed  by  physicians  who  should  certify  to  the  milk  over 
their  names  provided  the  requirements  were  fulfilled.  This  plan  was 
indorsed  by  the  Practitioners'  Club,  and  a  search  was  begun  for  a 
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dairy  with  equipment  suited  to  such  rigid  regulations.  A  dairy  was 
found  which  had  already  set  such  a  high  standard  that  the  methods 
used  could  readily  be  accommodated  to  the  requirements  of  the  medi- 
cal commission. 

Having  secured  a  dairyman  who  was  ready  to  bind  himself  by  con- 
tract to  conduct  his  dairy  in  accordance  with  the  requirements,  physi- 
cians from  Newark,  Orange,  and  Montclair  were  chosen  to  make  up 
the  first  milk  commission,  which  w^as  organized  Apnll  3,  1893,  and  the 
production  of  what  is  known  as  ^'certified  milk"  was  begun.  This 
commission  was  named  *'The  Medical  Milk  Commission  of  Essex 
County,  New  Jersey."  Since  this  was  organized  about  25  others  have 
been  or  are  now  being  formed  in  various  cities  on  a  similar  plan.  A 
description  of  th^  first  will  therefore  serve  to  give  a  general  idea  of 
milk  commissions  and  their  work. 

OBJECTS    OF   THE   COMMISSION. 

The  objects  and  requirements  of  the  commission  were  stated  as 
follows : 

The  objerta  of  this  commission  are  to  establish  correct  clinical  standards  of  purity  for 
cow's  milk;  to  become  responsible  for  a  periodical  inspection  of  the  dairies  under  its 
patronage;  provide  for  chemical  and  bacteriological  examinations  of  the  product,  and 
the  frequent  scrutiny  of  the  stock  by  competent  veterinarians;  to  promote  only  pro- 
fessional and  public  interests. 

The  following  are  three  general  requirements  or  standards  for  the  milk:  (1)  An  ab- 
sence of  large  numbers  of  micro-organisms,  and  the  entire  freedom  of  the  milk  from 
pathogenic  varieties;  (2)  unvarying  resistance  to  early  fermentative  changes  in  the 
milk,  so  that  it  may  be  kept  under  ordinary  conditions  without  extraordinary  care;  (3) 
a  constant  nutritive  value  of  known  chemical  composition,  and  a  uniform  relation  be- 
tween the  percentage  of  fata,  proteida,  and'  carbohydrates. 

THREEFOLD  EXAMINATION  BY  EXPERTS. 

A  chemist  and  a  bacteriologist  examine  samples  of  the  milk,  which 
they  obtain  themselves,  twice  each  month,  and  report  their  findings 
to  the  commission.  A  veterinarian  examines  the  cows  twice  a 
month  and  makes  report.  Representatives  of  the  commission  in 
person  make  a  monthly  inspection  of  the  dairy  and  report  to  the 
others. 

The  veterinai4an  must  show  the  milch  cows  to  be  in  perfect  health. 
The  chemist  must  show  the  milk  to  contain  the  required  amount  of 
solids  and  to  be  free  from  all  foreign  matter.  The  bacteriologist 
must '  show  the  absence  of  all  disease-producing  bacteria,  and  a 
minimum  of  bacteria  of  all  sorts.  Only  in  case  all  these  reports  are 
satisfactory  does  the  commission  certify  to  the  milk. 

ORIGIN    AND    MEANING    OF   THE   TERM    '^CERTIFIED    MILK." 

The  term  ''(Vrtified  Milk''  originated  with  the  member  of  the 
commission  who  formulated  the  plan.     At  the  instance  of  the  com- 
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mission  the  word  "Certified"  was  registered  by  Mr.  Francisco  in  the 
United  States  Patent  Office  on  October  16,  1904,  under  registery  No. 
25,368,  the  object  being  to  protect  it  from  being  degraded  by  dairy- 
men not  under  contract  with  a  medical  conunission.  It  was  dis- 
tinctly ^understood,  however,  that  the  use  of  the  term  should  be 
allowed  without  question  when  employed  by  medical  milk  commis- 
sions organized  to  influence  dairy  work  for  clinical  purposes.  Certi- 
fied milk,  then,  in  the  strict  sense  of  the  term,  is  milk  produced  under 
a  legal  contract  between  a  medical  milk  commission  and  a  dairyman 
and  which  conforms  to  the  requirements.  It  may  be  said  further 
that  milk  entitled  to  be  certified  is  clean  and  wholesome,  and  is 
obtained  from  healthy  cows  which  are  kept  in  sanitary  quarters,  fed 
wholesome  feed,  and  given  pure  water.  It  is  drawn  from  clean  cows 
by  clean,  healthy  attendants  into  clean  receptacles  and  in  a  clean  at- 
mosphere. It  is  handled  in  a  clean  manner,  cooled  quickly,  put  into 
sterile  vessels,  placed  in  cold  storage,  and  iced  in  transportation 
when  necessary. 

OOKTBOL  OF  DAOtlBS. 

Some  commissions — particularly  such  as  have  under  their  super- 
vision only  one  dairymaji  who  both  produces  and  distributes  certified 
milk — enter  into  a  binding  contract  with  the  dairymen.  This  con- 
tract contains  a  more  or  less  complete  and  detailed  statement  of  the 
conditions  imder  which  the  certified  milk  must  be  produced  and 
marketed;  specifies  standards  for  composition  and  bacterial  content 
of  the  milk;  provides  for  inspection  of  premises,  examination  of  cows, 
and  collection  and  analysis  of  milk  samples ;  and  includes  provisions 
under  which  the  contract  may  be  terminated  by  either  party  entering 
into  it. 

Many  commissions  prefer  not  to  have  any  contract  with  their 
producers  and  claim  that  it  is  superfluous  and  imnecessary.  The 
producers  understand  well  that  if  their  milk  does  not  come  up  to  the 
requirements  they  can  not  sell  it.  However,  in  cases  where  there  are 
contracts  commissions  are  not  at  all  hasty  in  severing  relations  with  a 
producer  when  his  milk  falls  below  requirements,  but  make  more 
frequent  inspections  and  lend  every  effort  at  such  inspections  to  help 
the  dairyman  out  of  his  trouble.  In  this  way,  when  a  producer  does 
have  trouble  he  often  writes  to  know  when  the  commission  can  send  a 
representative  to  help  him  out  of  his  difficulty.  The  efforts  of  such 
commissions  are  therefore  to  help  and  cooperate  closely  with  the 
producer.  Some  commissions  feel  safer  in  the  work  without  a 
lengthy  binding  contract.  This  plan  allows  «,  certain  latitude  for 
meeting  conditions  as  they  arise,  and  the  latter  vary  greatly  at 
different  farms  even  though  the  dairymen  all  produce  milk  well 
within  the  requirements  and  standards.  Where  there  is  no  contract 
with  the  dairyman  it  is  customary  for  the  commissions  to  send  a 
30776— Bui.  104-^)8 2 
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circular  giving  inforiiiation  concerning  vthe  production,  standards,  and 
general  requirements  of  certified  milk.  A  good  example  of  such  a 
circular  follows: 

KEQU1UEMENT8   OF  THE   MILK   TOMHISHION    OV  THE    MEDICAL  HOCIETY   OF  THE   COUNTY 
OF    NEW   YORK    FOR  CERTIFIED   MILK. 

The  comuiifwion  has  fixed  upon  a  maximum  of  30,000  germs  of  all  kinds  per  (rubic 
centimeter  of  milk,  which  must  not  be  exceeded  to  obtain  the  indorsement  of  the 
commission.  This  standard  must  be  attained  solely  by  measures  directed  toward 
scrupulous  eleanlint^ss,  pn)per  cooling,  and  prompt  delivery. 

The  milk  certified  by  the  commission  must  contain  not  less  than  4  per  cent  of  butter- 
fat  on  the  average,  and  have  all  other  characteristics  of  pure,  wholesome  milk. 

Milk  must  not  be  sold  as  (!ertified  more  than  twenty-four  hours  after  its  arrival  in 
New  York  City. 

Dealers. — In  order  that  dealers  who  incur  the  expense  and  take  the  precautions  nec- 
essary to  furnish  a  truly  clean  and  wholesome  milk  may  have  some  suitable  means  of 
bringing  these  facts  before  the  public,  the  commission  offers  them  the  right  to  use  caps 
on  their  milk  jars  stamped  with  the  words:  "CertifuHi  by  the  Milk  Commission  of  the 
Medical  Society  of  the  County  of  New  York."  The  dealers  are  given  the  right  to  use 
these  certificates  when  their  milk  is  obtained  under  the  conditions  required  by  the 
commission  and  conforms  to  its  standards. 

In  accordance  with  a  law  passed  at  the  last  legislature,  the  word  "Certified  "  may  be 
used  on  the  cap  only  when  accompanied  by  the  name  of  the  society  which  certifies  it. 

The  tinned  sealed  (*ap  authorized  by  the  commission  must  be  used  on  all  the  certi- 
fied milk  passing  through  the  hands  of  dealers  selling  milk  other  than  the  certified. 
These  caps  are  sent  by  the  makers  only  to  the  farm  where  the  milk  is  bottled. 

The  name  of  the  fann  from  which  the  milk  comes  must  appear  on  either  the  |)aper 
cap  or  the  tin  cap. 

Each  bottle  of  milk  must  be  dated  on  the  date  of  Iwttling. 

The  milk  commission  looks  to  the  dealers  for  its  fee. 

The  dealer  is  expected  to  send  a  bottle  of  milk  each  week  to  the  ri»8earch  laboratory 
of  the  department  of  health,  taken  at  random  from  the  day's  supply  for  examination 
by  experts  for  the  commission. 

The  dealers  are  to  furnish  deep,  covered  boxes  for  the  certified  milk. 

The  required  conditions  at  the  farm  are  as  follows: 

1.  Tfie  barnyard. — The  barnyard  shoxild  be  free  from  manure  and  well  drained,  so 
that  it  may  not  harbor  stagnant  water.  The  manure  which  collects  each  day  should 
not  be  piled  close  to  the  barn*  but  should  be  taken  several  hundred  feet  away.  If 
these  rxiles  are  observed  not  only  will  the  barnyard  be  free  from  objectionable  smell, 
which  is  an  injury  to  the  milk,  but  the  number  of  flies  in  summer  will  be  considerably 
diminished.  These  flies  are  an  element  of  danger,  for  they  are  fond  of  both  filth  and 
milk  and  are  liable  to  get  into  the  mUk  after  having  soiled  their  bodies  and  legs  in 
recently  \^8ited  filth,  thus  carrying  it  into  the  milk.  Flies  also  irritate  cows,  and  by 
making  them  nervous  reduce  the  amount  of  their  milk. 

2.  The  stable.—  In  the  stable  the  principles  of  cleanlint^sa  must  be  strictly  observed. 
The  room  in  which  the*  cows  are  milked  should  have  no  storag<'  loft  above  it;  where 
this  is  not  feasible  the  floor  of  the  loft  should  hv  tight,  to  prevent  the  sifting  of  dust  into 
the  stable  beneath. 

The  Ptables  should  be  well  ventilated,  light(»d,  and  drained,  and  should  have  tight 
floors,  preferably  of  cement,  never  of  dirt. 

They  should  be  whitewashed  inside  at  least  twice  a  year,  unless  the  walls  are  painted 
or  of  smooth  cement  finish  which  can  be  washed  frequently. 
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The  air  should  always  be  fresh  arid  vdthout  bad  odor.  A  sufficient  number  of  lan- 
terns should  be  provided  to  enable  th^  necessary  work  to  be  properly  done  during  the 
dark  hours.  The  manure  should  be  removed  twice  daily,  except  when  the  cows  are 
outside  in  the  fields  the  entire  time  between  the  morning  and  afternoon  milkings. 
The  manure  gutter  must  be  kept  in  a  sanitary  condition.  All  sweeping  must  be 
finished  before  the  grooming  of  the  cows  begins,  so  that  the  air  may  be  free  from  dust 
at  the  time  of  milking. 

There  should  be  an  adequate  supply  of  warm  and  cold  water,  and  the  necessary 
wash  basins,  soap,  and  towels. 

3.  Water  supply, — The  whole  premises  used  for  "dairy  purposes,  as  well  as  the  bam, 
must  have  a  supply  of  water  absolutely  free  from  any  danger  of  pollution  with  animal 
matter  and  sufficiently  abundant  for  all  purposes  and  easy  of  access. 

4.  The  cows. — No  cows  will  be  allowed  in  the  herd  furnishing  certified  milk  except 
those  which  have  successfully  passed  a  tuberculin  test.  All  must  be  tested  at  least 
once  a  year,  by  a  veterinarian  approved  by  the  milk  conmiission.  Any  animal  sus- 
pected of  being  in  bad  health  mupt  be  promptly  removed  from  the  herd  and  her  milk 
rejected.  Do  not  allow  the  cows  to  be  excited  by  hard  driving,  abuse,  loud  talking, 
or  any  unnecessary  disturbance. 

.     Fe&I. — Do  not  allow  any  strongly  flavored  food,  like  garlic,  to  be  eaten  by  the  cows. 

When  ensilage  is  fed,  it  must  be  given  in  only  one  feeding  daily,  and  that  after  the 
morning  milking,  and  the  full  ration  shall  consist  of  not  more  than  20  pounds  daily 
for  the  average-sized  cow.  When  fed  in  the  fall,  small  amounts  must  be  given  and 
the  increase  to  the  full  ration  must  be  gradual. 

Com  stalks  must  not  be  fed  until  after  the  com  has  blossomed,  and  the  first  feed- 
ings must  be  in  Bmall  amounts  and  the  increase  must  be  gradual. 

If  fed  otherwise,  ensilage  and  com  stalks  are  liable  to  cause  the  milk  to  affect  children 
*  seriously. 

deeming. — Groom  the  entire  body  of  the  cow  daily.  Before  each  milking  wash 
the  udder  with  a  cloth  used  only  for  the  udders,  and  wipe  it  with  a  clean,  dry  towel. 
Never  leave  the  udder  wet,  and  be  sure  that  the  water  and  towel  used  are  clean. 
The  tail  should  be  kept  clean  by  frequent  washing.  If  the  hair  on  the  flanks,  tail, 
and  udder  is  clipped  close  and  the  bmsh  on  the  tail  is  cut  short,  it  will  be  much  easier 
to  keep  the  cow  clean. 

The  cows  must  be  kep\  standing  after  the  cleaning  until  the  milking  is  finished. 
This  may  be  done  by  a  chain  or  a  rope  under  the  neck. 

5.  The  millers. — The  milker  must  be  personally  clean.  He  should  neither  have 
nor  come  in  contact  with  any  contagious  disease  while  employed  in  handling  the 
milk.  In  case  of  any  illness  in  the  person  or  family  of  any  employee  in  the  dairy, 
such  employee  must  absent  himself  from  the  dairy  until  a  physician  certifies  that  it 
is  safe  for  him  to  retum.        • 

In  order  that  the  milk  commission  may  be  informed  as  to  the  health  of  the  employees 
at  the  certified  farms,  the  commission  has  had  postal  cards  printed  to  be  supplied  to 
the  farms,  and  to  be  filled  out  and  retumed  each  week  by  the  owner,  manager,  or 
physician  of  the  farm,  certifying  that  none  are*  handling  the  milk  who  are  in  con- 
tact with  any  contagious  disease. 

Before  milking,  the  hands  should  be  washed  in  wann  water  with  soap  and  nail 
brush  and  well  dried  with  a  clean  towel.  On  no  account  should  the  hands  be  wet 
during  milking. 

The  milkers  should  have  light-colored,  washable  suits,  including  caps,  and  not 
less  than  two  clean  suits  weekly.  The  garments  should  be  kept  in  a  clean  place, 
protected  from  dust,  when  not  in  use. 

Iron  milking  stools  are  recommended,  and  they  should  be  kept  clean. 

Milkers  should  do  their  work  quietly  and  at  the  same  hour  morning  and  evening. 
Jerking  the  teat  increases  materially  the  bacterial  contamination  of  the  milk  and 
should  be  forbidden. 
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6.  Helpers  other  than  milkers. — All  persoius  engaged  in  the  stable  and  dairy  Hhuuld 
be  reliable  and  intelligent.  Children  under  12  should  not  be  allowed  in  the  stable 
or  dairy  during  milking,  since  in  their  ignorance  they  may  do  harm,  and  from  their 
liability  to  contagious  diseases  they  are  more  apt  than  older  persons  to  transmit  them 
through  the  milk. 

7.  Small  anwials. — Cats  and  dogs  must  be  exchided  from  the  stables  during  the 
time  of  milking. 

8.  The  milk. — All  milk  from  cows  sixty  days  before  and  ten  days  after  calving  must 
be  rejected. 

The  first  few  streams  from  each  teat  should  be  discarded  in  order  to  free  the  milk 
ducts  from  the  milk  that  has  remained  in  them  for  some  time  and  in  which  the  bacteria 
are  sure  to  have  multiplied  greatly.  If  any  part  of  the  milk  is  bloody  or  stringy  or 
unnatural  in  appearance,  the  whole  quantity  yielded  by  that  animal  must  be  re- 
•  jected.  If  any  accident  occurs  in  which  a  pail  becomes  dirty,  or  the  milk  in  a  pail 
becomes  dirty,  do  not  try  to  remove  the  dirt  by  straining,  but  put  aside  the  pail,  and 
do  not  use  the  milk  for  bottling,  and  use  a  clean  pail. 

Remove  the  milk  from  each  cow  from  the  stable  immediately  after  it  is  obtained  to 
a  clean  nx)m  and  strain  through  a  sterilized  stminer  of  chee«e  cloth  and  absorbent 
cotton. 

The  rapid  cfK)ling  is  a  matter  of  great  importance.  The  milk  should  be  cooled  to 
45°  F.  within  an  hour  and  not  allowed  to  rise  above  that  as  long  as  it  is  in  the  hands 
of  producer  or  dealer.  In  order  to  assist  in  the  rapid  cooling,  the  bottles  should  be 
cold  before' the  milk  is  put  into  them. 

Aeration  of  milk  beyond  that  obtaintxi  in  milking  is  unnecessary. 

9.  Utensils. — All  utensils  should  be  as  simple  in  construction  as  possible,  and  so 
made  that  they  may  be  thoroughly  sterilizi»d  before  c^ch  iLsing. 

Coolers,  if  used,  should  be  sterilized  in  a  closwi  sterilizer,  unless  a  very  high  tem- 
perature can  be  obtained  by  the  steam  sent  thn)ugh  them. 

Bottling  machines  should  be  made  entirely  (»f  metal  with  no  rubber  about  them, 
and  should  be  sterilized  in  the  closet!  8t(Tilizer  before  each  milking,  or  bottling. 

If  cans  are  used,  all  should  have  ^oothly  soldered  joints,  with  no  places  to  collect 
the  dirt. 

Pails  should  have  openings  not  exceeding  8  inches  in  diameter,  and  may  be  either 
straight  pails,  or  the  usual  shape  with  the  top  prntectt^i  by  a  luxxi. 

Bottles  should  be  of  the  kind  known  as  "common  sense,"  and  capped  with  a  steril- 
ized paraffined  paper  disk,  and  the  caps  authorized  y)y  tlu^  commission. 

All  dairy  utensils,  including  the*  lM)ttlea,  must  be  thoroughly  cleansed  and  sterilized. 
This  can  be  done  by  first  thoroughly  rinsing  in  warm  water,  tluMi  washing  with  a  brush 
and  soap,  or  other  alkaline  cleansing  material,  and  hot  water,  and  thoroughly  rinsing. 
After  this  cleansing  they  should  be  steriliztnl  by  Inuling,  or  in  a  closed  sterilizer 
with  steam,  and  then  kept  inverte<l  in  a  place  fr(*e  fnnn  du-st. 

10.  The  dairy. — The  n)ora  or  rfX)niH  where  the  utensilH  are  washed  and  sterilized 
and  the  milk  bottled  should  be  at  a  distance  from  the  house,  so  iw  txj  lessen  the  danger 
of  transmitting  through  the  milk  any  disea^ie  which  may  occur  in  the  house. 

The  bottling  room,  where  the  milk  is  expose<l.  should  be  so  situated  that  the  dcKirs 
may  be  entirely  cloat<l  during  the  lK)ttling  and  not  open<Hl  to  admit  the  milk  nor  to 
take  out  the  filled  bottles. 

The  empty  cases  sliould  not  be  allowed  to  enter  the  bottling  room  nor  should  the 
washing  of  any  utensils  be  allowed  in  the  nK)m. 

The  workers  in  the  dair\'  should  wear  whit(»  wa*<hable  suites,  including  cap,  when 
handling  the  milk. 

BottU»8  must  be  capptnl,  as  soon  as  possible  after  tilling,  with  the  sterilized  disks. 
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11.  Examination  of  the  milk^  and  dairy  inspection. — In  order  that  the  dealer  and  the 
commission  may  be  kept  informed  of  the  character  of  the  milk,  specimens  taken  ut 
random  will  be  examined  weekly  by  experts  for  the  commission  at  the  laboratory  of 
the  department  of  health,  the  use  of  the  laboratories  having  been  given  for  that  purpose. 
The  commission  reserves  to  itself  the  right  to  make  inspections  of  certified  farms  at 
any  time  and  to  take  spiecimens  of  the  milk  for  examination  and  to  impose  fines  for 
repeated  or  deliberate  violations  of  the  requirements  ()f  the  commission. 

The  commission  also  reserves  the  right  to  change  its  standards  in  any  reasonable 
manner  upon  due  notice  being  given  to  the  dealers. 

The  expenses  of  making  the  regular  milk  reports  and  the  inspections  are  borne  by 
the  dealers.    The  treasurer  of  the  Medical  Society  of  the  County  of  New  York  will 
send  bills  the  first  of  each  month  for  the  certification  for  the.previous  month. 
The  monthly  chaiges,  which  are  intended  to  cover  all  expenses,  are  as  follows: 
MTiere  the  output  of  a  farm  is  handled  by  one  dealer: 

For  daily  output  of  less  than  100  quarts $8 

For  daily  output  of  from  100  to  200  quart* 10 

For  daily  output  of  from.200  to  500  quarts , 12 

For  daily  output  of  over  500  quarts 15 

AMiere  the  output  of  a  farm  is  sent  to  several  dealers,  each  dealer  pays: 

For  daily  output  of  leas  than  100  quarts 6 

For  daily  output  of  from  100  to  200  quarts 8 

For  daily  output  of  from  200  to  500  quarts 10 

For  daily  output  of  over  500  quarts 12 

The  names  of  the  dealers,  with  their  addressee,  are  printed  on  cards  and  inclosed 
with  the  monthly  bulletin  of  the  medical  society,  which  is  sent  to  about  1,700  phy- 
sicians.   For  this  |1  is  chaiged  each  month. 

FORM   FOR   dairyman's  APPLICATION   FOR  CERTIFICATION    OF   MILK    AND   CREAM. 

Application  of  dairyman. 

Date 190.... 

I  hereby  make  application  to  the  Jackson  County  Medical  Society  for  the  certification 
of  milk  and  cream  to  be  sold  by  me  in  the  city  of  Jackson.  In  consideration  of  such 
certification  I  agree  to  observe  such  rules  and  regulations  as  may  from  time  to  time  be 
enacted  by  the  committee  appointed  by  the  Jackson  County  Medical  Society.  I  also 
agree  to  allow  such  committee  or  their  proper  representatives,  whenever  they  request 
it,  to  remove  from  any  milk  wagon  or  from  the  dairy  a  reasonable  sample  of  milk 
or  cream.  It  is  understood  that  failure  to  comply  with  the  rules  of  the  «)mraittee  will 
result  in  the  suspension  or  withdrawal  of  my  certification. 

Name  of  dairy ^ 

License  No Residence 

Name  of  former  owner 

Number  of  quarts  of  milk  and  cream  per  day 

If  obtained  from  outside  sources  other  than  dairy  owned  by  applicant,  give  names 

and  addresses 

Signature  of  applicant 

To  Dr Secretary, 

Colony  Building,  Jackson,  Mich. 
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FOBM   FOR  MILK   COMMISSION'S   CERTIFICATS  TO  THB   DAIRYMAN. 

The  Milk  Commxuion  of  the  Academy  of  Medicine,  Cincinnati^  Ohio, 

4  Date. 

The  veterinary  inspector  of  the  communion  has  examined  the  dairy  of  Mr 

and  reports  it  to  be  well  kept  and  clean,  and  the  cows  to  be  in 

healthy  condition. 

The  bacteriologist  reports  that  the  milk  does  not  contain  germs  beyond  the  limits 
of  the  standards  of  the  commission  for milk. 

The  chemist  reports  thai  the  milk  is  of  standard  richness^  and  that  he  has  discovered 
in  it  no  impurities,  coloring  mattere,  chemical  preservatives,  or  harmful  substances. 

The  commission  certifies  to  these  statements  of  examiners.     It  is  understood  and 

agreed  to  by  the  said 

that  this  certificate  is  not  good  for  more  than 

from  date,  before  which  time  another  examination  will  be  made. 

Signed 

METHODS  AND  WORK  OF  THE   VABIOUS  HILK  COMMISSIONS. 

As  previously  stated,  the  first  milk  commission  was  organized 
April  13,  1893,  and  it  was  not  until  five  years  l>ter  (1898)  that  the 
second  was  formed.  After  1899  the  movement  spread  more  rapidly 
and  Qommissions  were  organized  as  follows:  One  in  1900,  one  in  1901, 
five  in  1902,  two  in  1903,  three  in  1904,  one  in  1905,  five  in  1906,  and 
t^iirteen  organized  or  in  process  of  organizing  in  1907.  '  The  subject 
is  being  agitated  in  several  cities  at  the  present  time  and  it  is  quite 
probable  that  the  number  of  commissions  will  be  considerably  in- 
creased in  the  near  future.  In  order  to  obtain  information  relative 
to  the  work  of  the  conunissions  and  their  methods  of  operation  a  list 
of  queries  was  sent  to  each.  The  answers  received  from  the  com- 
missions have  been  siunmarized  in  Table  1,  page  15. 
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NUMBER-  OF   CERTIFIED   DAIRIES   AND   QUANTITY   OF   MILK   PRODUCED. 

The  number  of  dairies  producing  milk  for  any  one  commission 
varies  from  1  to  20.  Eleven  commissions  have  1  each ;  three  have  2 ; 
one  has  3;  one  4;  and  one  20.  Four  commissions  have  temporarily- 
stopped  certifying  to  milk,  namely,  Hartford,  Minneapolis,  San  Fran- 
cisco, and  Washington.  The  least  amount  handled  daily  by  any  one 
commission  is  120  quarts  and  the  greatest  amount  9,373  quarts.  (See 
Table  1 .)  A  few  commissions  certify  to  cream  as  well  as  milk.  The 
reports  from  commissions  show  that  there  were  24,103  quarts  of  cer- 
tified milk  handled  daily  on  January  1,  1907. 

STANDARDS    FOR    CONDITION    AND   QUALITY   OF   MILK. 

The  standards  for  bacteria  vary  with  the  different  commissions. 
Of  the  20  reporting  standards,  13  place  the  number  at  10,000  per 
cubic  centimeter,  1  at  20,000,  and  3  at  30,000.  One  has  a  standard 
of  10,000  from  October  to  April,  and  20,000  from  April  to  October. 
Another  has  a  standard  of  5,000  in  winter  and  10,000  in  summer, 
and  another  a  standard  of  25,000  in  winter  and  50,000  in  summer. 
The  standard  for  cream  in  all  cases  where  it  is  certified  is  25,000  per 
cubic  centimeter. 

The  standard  required  for  fat  in. eight  instances  is  a  minimum  of 
4  per  cent;  in  three  instances,  3.5;  in  two,  4.5;  and  in  one,  3.7  +  . 
Four  allow  a  range  of  3.5  to  4.5,  one  a  range  of  3.25  to  4.50,  and 
one  3.75  to  4.50.  One  puts  out  a  special  milk  containing  a  higher 
percentage  of  fat,  which  must  keep  within  the  limits  of  4.50  and  5.50 
per  cent.  One  commission  specifies  that  the  cream  must  not  vary 
more  than  2  per  cent  from  the  guaranty.  Only  eight  commissions  re- 
port standards  for  solids  not  fat.     These  range  from  8  to  9.3  per  cent. 

LIVING    UP   TO   THE    STANDARD. 

Twelve  commissions  report  that  their  dairies  have  no  difficulty  in 
producing  milk  that  is  up  to  the  required  standards.  Five  report  a 
little  difficulty,  and  one  states  that  there  was  no  trouble  with  the 
bacteria  count,  but  that  it  took  several  months  to  reach  the  fat 
standard,  which  was  4  per  cent. 

INSPECTION    OF    DAIRY   AND    PRODUCT. 

The  answers  from  the  various  commissions  relative  to  inspections 
show  considerable  variation.  In  some  instances  the  inspections  are 
made  by  members  of  the  commission  and  in  others  paid  inspectors 
are  employed  to  do  the  work.  As  a  rule  inspections  of  the  dairy  are 
made  monthly  either  by  a  veterinarian  or  a  member  of  the  commis- 
sion, or  both,  and  in  some  instances  inspections  are  made  every  two 
weeks.  The  tuberculin  t^st  is  usually  applied  annually,  but  in  some 
cases  this  is  done  every  six  months.     Chemical  and  bacteriological 
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examinations  range  all  the  way  from  once  a  week  to  once  in  two 
months;  in  most  instances,  however,  it  is  the  practice  to  make  tests 
every  two  weeks  or  of  tener. 

HEALTH   OF    EMPLOYEES. 

The  employees  in  certified-milk  plants  are  required  to  be  clean  in 
habits  and  appearance  and  are  not  admitted  to  the  stables  or  dairy 
if  not  in  good  health.  Some  commissions  require  that  employees  be 
regularly  examined  by  a  physician  and  given  certificates  of  health. 
In  some  certified  plants  attendants  when  ill  are  cared  for  in  a  build- 
ing specially  set  apart  for  the  purpose! 

% 

PRECAUTIONS  TO  PREVENT  SPREAD  OF  CONTAGIOUS  DISEASES. 

Where  a  large  milk  business  is  conducted  and  several  thousand  cus- 
tomers are  served  daily,  there  is  danger  that  some  contagious  disease 
may  be  brought  to  the  dairy  in  some  of  the  bottles.  To  avoid  this, 
in  some  instances  a  wagon  makes  a  special  trip  to  collect  bottles  from 
any  house  where  a  contagious  disease  is  known  to  exist.  These  bottles 
are  thoroughly  boiled  in  a  special  room  before  they  come  to  the  dairy 
proper.  They  are  then  subjected  to  the  same  cleansing  process  as 
all  the  others. 

INVESTIOATIONS  REI^ATIVE  TO  QUALTTY  OF  CEBTIFIBD  MHJC 

Milk  commissions  have  sometimes  been  criticised  for  not  being 
strict  enough  with  the  dairymen  in  regard  to  complying  with  their 
standards.  Reports  from  the  commissions  show  that  in  nearly  all 
cases  samples  are  secured  from  the  distributor  without  Warning,  which 
is  a  very  important  and  commendable  practice,  for  if  the  milk,  when 
it  reaches  the  consumer,  does  not  comply  with  the  standards  which 
the  commission  claims  to  maintain,  the  product  is  misrepresented  and 
is  a  fraud. 

In  order  to  determine  this  point  an  investigation  was  made  in  two 
of  the  larger  cities  where  certified  milk  is  sold. 

First  investigation, — ^The  standard  for  bacteria  of  the  milk  com- 
mission in  the  city  where  this  investigation  was  made  was  10,000  per 
cubic  centimeter.  There  were  four  certified  dairies  supplying  milk, 
and  the  bacteria  count  was  as  follows: 


Bacteria  Bacteria 

per  cubic     i  *       per  cubic 

centimeter.  |  centimeter. 

Dairy  No.  1 5,700     Dairy  No.  3 5,600 

Dairy  No.  2 4,200  I  Dairy  No.  4 4,900 

It  ¥ri]l  be  seen  that  the  certified  milk  from  all  four  of  the  dairies  was 
well  within  the  limits  of  the  standard  established  by  the  commission. 
The  analyses  were  made  in  the  month  of  November. 

3077e— Bui.  104--08 3 
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Second  investigation. — The  standard  for  bacteria  established  by  the 
commission  in  this  city  was  30,000.  Nine  samples  of  certified  milk 
were  examined  with  the  following  results: 

Bacteria     |  Bacteria 

per  cubic  per  cubic 

centimeter.  centimeter. 

No.  1 9,300  1  No.  6 11,000 

No.  2 ' *..     2,300  !  No.  7 , 6,200 

No.  3 :...  21.300  I  No.  8 5,40« 

No.  4 1,3,700     No.  9 2,700 

No.  5 12,800  I 

All  of  the  above  samples  were  well  under  the  standard  of  30,000, 
the  highest  being  21,300  and  the  lowest  2,300. 

While  the  bacteria  count  in  these  samples  is  doubtless  somewhat 
lower  than  would  be  found  under  summer  conditions,  still  it  is  an  in- 
dication that  the  commissions  are  doing  careful,  honest  work. 

The  reports  of  commissions  indicated  that  the  milk  from  the  vari- 
ous certified  dairies  follows  the  standards  very  closely  in  composition. 
Some  repotted  very  careful  records  of  examinations  for  bacteria. 
As  a  rule  the  number  of  bacteria  found  was  considerably  below  the 
number  allowed.  The  Rochester  commission  reported  the  average 
of  100  examinations  to  be  3,853  per  cubic  centimeter.  The  Cleve- 
land commission  reported  an  average  of  3,817  for  one  year,  and  the 
Elmira  commission  3,500  for  the  same  period.  The  percentage  of  fat 
in  the  milk  reported  shows  a  variation  from  3.80  to  5.40  and  an  aver- 
age for  all  certified  milk  of  4.54  per  cent. 

SOME  GENERAL  CONSIDERATIONS. 

IS   THE   DEMAND   FOR   CERTIFIED   MILK   INCREASING? 

All  but  onex)t  the  commissions  reporting  stated  that  the  demand  for 
certified  milk  was  increasing.  One  stated  that  the  demand  had 
doubled  in  one  year  and  another  that  it  had  nearly  trebled  in  two 
months.  New  commissions  are  constantly  being  organized,  and  it 
appears  that  there  is  no  lack  of  demand  for  the  product  in  most 
•instances;  but,  on  the  other  hand,  there  is  a  scarcity  of  dairymen  who 
are  willing  to  meet  the  requirements  for  production  imposed  by  the 
commissions. 

PRICES  OF  CERTIFIED  MILK  COMPARED  WITH  THOSE  OF  MARKET  MILK. 

The  prices  of  certified  milk  to  the  consumer  vary  in  different  cities 
from  8  cents  to  20  cents  a  quart,  the  average  price  for  all  cities  being 
about  12}  cents.  The  price  of  ordinary  market  milk  varies  from  5 
cents  to  10  cents  a  quart  and  averages  about  7}  cents.  Certified  milk 
therefore  sells  for  an  average  of  5  cents  more  per  quart  than  market 
milk.     As  a  rule,  where  the  price  of  market  milk  is  low,  the  price  of 
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certified  milk  is  also  comparatively  low,  although  this  does  not  hold 
true  in  all  cases.  In  some  cities  different  prices  are  charged  for  certi- 
fied milk;  for  example,  in  New  York  this  product  sells  at  prices  vary- 
ing from  12  cents  to  20  cents,  while  the  price  of  market  milk  is 
generally  8  cents  per  quart. 

INFLUENCE  OF  MILK  COMMISSIONS  ON  THE  QUALITY  OF  THE  GENERAL 

SUPPLY. 

Fourteen  of  the  eighteen  commissions  reporting  on  this  question 
stated  that  they  believed  the  commissions  had  had  some  influence  in 
improving  the  general  supply;  two  others  stated  that  they  were  tr^'- 
ing  to  effect  some  improvements;  one  stated  that  perhaps  some 
influence  was  exerted,  and  the  remaining  one  did  not  venture  an 
opinion.  These  improvements  have  been  brought  about  through  the 
influence  of  the  commissions  in  securing  better  regulations  and  higher 
standards  relative  to  producing  and  handling  milk;  in  modifying 
advertisements  which  misrepresented  some  of  the  milk  sold  in  the 
city;  in  interesting  local  papers  in  clean-milk  movements,  and  in 
assisting  in  making  prosecutions. 

The  producers  of  certified  milk  also  haye  a  good  influence  upon  the 
general  milk  supply  by  setting  Examples  of  cleanliness  and  good  man- 
agement. Milk  venders  in  the  city  by  displaying  signs  on  their  wagons 
showing  that  their  milk  has  been  approved  by  a  commission  appointed 
for  this  purpose  have  had  a  good  effect  upon  the  market-milk  trade. 
Market-milk  producers  are  encouraged  to  make  improvements  and 
in  time  become  certified-milk  producers,  better  prices  for  their 
product  being  the  principal  inducement. 

SO-CALLED   CERTIFIED   MILK    NOT  CONTROLLED   BY  MILK  COMMISSIONS. 

There  are  a  few  dairymen  who  sell  their  product  under  the  name  of 
certified  milk  who  have  no  connection  with  milk  commissions.  These 
in  some  cases  certify  to  their  own  product,  and  in  others  samples  are 
sent  to  a  State  experiment  station  or  to  some  local  chemist  or  bac- 
teriologist for  examination.  Some  dairymen  in  this  class  supply  a 
very  creditable  product.  There  are  others  whose  milk  is  of  only 
ordinary  quality  and  who  should  never  be  allowed  to  use  the  term 
*  ^certified.*'  Here  again  the  samples  for  analysis  are  usually  taken 
by  the  dairyman  himself  from  milk  fresh  from  the  cow  and  imme- 
diately iced  and  sent  to  the  analyst.  The  analyst  reports  his  results 
and  the  dairyman  uses  them  to  advertise  his  product.  This  can  not 
be  looked  upon  as  anything  but  a  deception,  as  the  consumer  is  given 
to  understand  that  this  is  the  analysis  of  the  milk  as  it  is  delivered 
to  him  daily.  It  is  only  when  medical  milk  commissions  have  been 
oi^anized  and  a  plan  of  education  has  been  started  to  create  a  demand 
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for  sanitary  milk  designed  for  infant  feeding  that  there  arises  any 
(ganger  of  an  impure  milk  being  put  on  the  market  under  such  a  label. 
It  is  manifestly  unfair,  therefore,  that,  after  a  commission,  serving 
without  pay  in  the  interest  of  the  public,  has  created  a  feeling  that 
'^ certified''  milk  means  a  safe,  clean  milk  for  infant  feeding,  some 
imprincipled  dairyman  should  be  able  to  prey  on  the  ignorance  of  the 
public  and  supply  an  unsafe  milk  at  a  high  price.  Some  steps  should 
be  taken  by  the  milk  commissions  or  by  city  or  State  ofPcers  to  pre- 
vent such  practices.  Where  jnilk  is  an  article  of  interstate  commerce, 
however,  the  national  pur6-food  law  covers  misrepresentations  of  this 
character. 

LEGALIZATION    OF  THE   TERM    ^* CERTIFIED   MILK." 

The  State  of  New  York  has  set  a  good  example  in  recently  passing  a 
law  for  regulating  the  sale  of  certified  milk.  A  portion  of  the  law  reads 
as  follows: 

No  person  shall  sell  or  exchange,  or  offer  or  expose  for  sale  or  exchange,  as  and  for 
certified  miUc  any  milk  which  does  not  conform  to  the  regulations  prescribed  by,  and 
bear  the  certification  of,  a  milk  commission  appointed  by  a  county  medical  society 
organized  under  and  chartered  by  the  Medical  Society  of  the  State  of  New  York  and 
which  has  not  been  pronounced  by  such  authority  to  be  free  from  antiseptics,  added 
preserv^atives,  and  pathogenic  bacteria,  or  bacteria  in  excessive  numbers.  All  milk 
sold  as  certified  milk  shall  be  conspicuously  marked  with  the  name  of  the  commiasion 
certifying  it. 

Efforts  are  being  made  to  secure  the  passage  of  similar  legislation 
in  several  other  States,  and  there  is  every  indication  that  misusers  of 
the  term  "certified"  will  be  prosecuted  in  the  future." 

FINANCIAL   SUPPORT   OF   MILK   COMMISSIONS. 

Members  of  milk  commissions  rarely  receive  any  pay  for  their  work, 
their  services  being  given  gratis  for  the  public  good.  Small  expenses 
of  the  commission  are  usually  met  by  the  commission  itself.  Occa- 
sionally philanthropic  subscriptions  are  received.  In  one  city  three 
men  contributed  $800  after  an  appeal  by  the  commission.  Postage, 
printing,  and  salaries  of  experts  are  usually  paid  by  the  producers. 
There  are  several  methods  used  for  collecting  the  money  from  dairy- 
men to  meet  these  expenses,  the  most  common  one  being  the  sale  of 
caps  to  milk  producers  at  from  $4.75  to  $5  a  thousand.  One  com- 
mission charges  a  tax  of  half  a  cent  a  quart  for  certification.  Another 
commission  meets  its  incidental  expenses  by  charging  each  dairy- 
man $6  a  month.  The  most  successful  and  just  method  is  apparently 
that  of  a  "per  bottle  tax.'' 

oThe  Kentucky  l^^lature  on  February  12, 1908,  passed  a  pure-food  law  containing 
proviisionB  regarding  certified  milk. 
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THE  AMBRIGAN  ASSOCIATION  OF  MEDIO AL  MILK  COMMISSIONS,  a 

When  it  is  considered  how  very  efficient  milk  commissions  have 
been  in  the  various  communities  in  which  they  have  been  estabUshed, 
it  is  surprising  how  few  have  been  formed  since  the  first  one  was 
organized  in  1893.  .  The  spread  of  this  movement  was  undoubtedly 
retarded  because  of  the  difficulties  that  presented  themselves  to 
those  who  had  such  an  organization  in  contemplation.  The  question 
was  not  broadly  understood  by  the  medical  profession,  and  even 
when  the  organization  of  a  milk  commission  was  determined  upon  it 
was  difficult  to  arrive  at  the  most  acceptable  plan  of  organization  and 
detail  of  working  methods. 

The  usual  procedure  was  to  get  into  correspondence  with  one  of 
the  older  commissions,  which  would  relate  its  individual  way  of 
handling  this  problem.  If  the  plan  submitted  seemed  unsatisfactory, 
other  commissions  would  be  written  to,  and  so  an  endless  correspond- 
ence resulted,  which  proved  especially  burdensome  to  the  Newark, 
N.  J.,  conunission. 

The  secretary  of  the  Cincinnati  commission,  Dr.  Otto  ,P.  Geier, 
encountered  this  same  difficulty  at  the  period  of  organization  of  that 
conunission.  It  resulted  in  his  sending  out  a  series  of  24  questions 
covering  every  phase  of  activity  in  milk-commission  work.  These 
were  addressed  to  e^very  commission  then  known.  This  very  ex- 
haustive tabulation  showed  that  there  existed  considerable  lack  of 
uniformity  as  to  oi^anization,  working  methods,  supervision  of 
dairies,  chemical  and  bacteriological  standards,  methods  of  bottling, 
capping  and  sealing,  etc. 

Out  of  this  mass  of  correspondence  an  attempt  was  made  to  arrive 
at  the  most  acceptable  standards  and  working  factors,  and  the  con- 
clusion was  reached  that  a  conference  of  the  milk  commissions  would 
be  most  valuable  to  all  concerned. 

In  February,  1907,  the  Cincinnati  commission  addressed  the  various 
milk  commissions  suggesting  a  conference  to  be  held  in  connection 
with  the  meeting  of  the  American  Medical  Association  at  Atlantic 
City.  Out  of  this  grew  a  temporary  organization.  Dr.  Henry  L. 
Coit,  Dr.  Otto  T.  Geier,  Dr.  Samuel  McC.  Hamill,  Dr.  Rowland  G. 
Freeman,  Dr.  William  H.  Park,  and  Dr.  Thoma^  W.  Harvey,  acting 
as  a  committee,  formulated  a  program  and  called  the  conference  for 
June  3,  1907,  at  Atlantic  City. 

This  initial  conference  was  remarkable  in  that  delegates  were 
present  from  12  different  States,  representing  21  commissions  in  as 
many  cities.  Over  100  physicians  and  leading  hygienists  attended 
this  meeting,  and  a  tremendous  amount  of  work  was  accomplished. 

"The  writer  is  indebted  to  Dr.  Otto  P.  Geier,  secretary  of  the  American  Association 
of  Medical  Milk  Commissions,  for  data  regarding  the  organization  of  the  association. 
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Reports  were  read  by  delegates  as  to  the  work  of  their  particular 
commissions.  Papers  were  presented  on  the  broad  topic  of  a  pure- 
milk  supply  for  cities.  A  permanent  oi^anization  was  effected,  to 
be  known  as  the  American  Association  of  Medical  Milk  Commissions, 
and  the  following  officers  were  elected : 

President,  Dr.  Henry  L.  Coit. 

Secretary,  Dr.  Otto  P.  Geier. 

Treasurer,  Dr.  Samuel  McC.  Hamill. 

Council:  Dr.  Rowland  G.  Freeman,  chairman  (5  years),  Dr.  Henry  Enos  Tuley 
(4  years).  Dr.  C.  W.  Bro\i^i  (3  years).  Dr.  A.  \V.  Myers  (2  years).  Dr.  H.  L.*K.  Shaw 
(1  year),  and  the,  president,  secretary,  and  treasurer  of  the  association. 

Committees  were  appointed  upon  every  phase  of  activity  in  milk 
certification  to  investigate  and  report  at  the  next  annual  meeting. 

It  can  be  said  that  this  meeting  marks  a  new  era  in  the  pure-milk 
crusade.  It  is  agreed  that  this  organization  is  in  position  to  crystallize 
the  best  thought  that  has  been  given  to  this  subject,  and  that 
through  such  central  organization'  quick  dissemination  of  that 
knowledge  will  follow. 

A  better  understanding  of  this  subject  will  reveal  the  fact  that 
milk  commissions  are  widening  their  scope  and  that  through  their 
activity  the  quality  of  the  general  supply  of  milk  in  our  large  cities 
is  being  elevated.  It  will  show  that  it  is  practical  for  any  medical 
association  to  form  such  a  commission,  which,  once  formed,  will  be 
most  useful  in  educating  the  public  as  well  as  the  profession  and  in 
creating  a  demand  for  a  cleaner  milk  supply,  and  will  thus  further 
the  efforts  of  boards  of  health. 

The  necessity  for  such  an  organization  is  shown  by  the  records 
of  its  secretary,  who  has  been  in  correspondence  with  11  com- 
missions organized  since  June,  1907,  indicating  an  increase  of  50 
per  cent  over  the  number  of  commissions  then  known  to  exist. 

The  second  annual  meeting  will  be  held  in  Chicago  June  1,  1908, 
one  day  previous  to  the  meeting  of  the  American  Medical  Association. 
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INFORMATION  8ECT7BED  FROM  PaODUCBRS. 

In  order  to  secure  accurate  data  relative  to  the  production  of  cer- 
tified milk  a  list  of  questions  was  sent  to  dairymen  producing  this 
grade  of  milk,  and  the  information  given  is  briefly  shown  in  Table  2. 

It  will  be  seen  from  the  table  that  33  of  the  50  dairies  producing 
certified  milk  in  the  United  States  reported  in  response  to  queries 
sent  them.  Their  answers  give  us  sufficient  data  for  a  description  of 
the  methods  commonly  practiced  in  certified-milk  production. 

Plates  I  and  II  show  the  exterior  and  interior  views  of  several 
stables  used  in  the  production  of  certified  milk,  and  Plates  III  and 
IV  the  methods  of  handling  the  cows  and  the  milk. 

NUMBER  AND  BREED  OP  COWS  AND  QUANTFTY  AND  QUALFrY  OF  MILK. 

The  number  of  cows  in  herds  producing  certified  milk  varies  from 
25  to  500.  Practically  every  breed  is  represented  in  some«  of  these 
herds,  and  some  grade  or  native  stock  is  found  in  two-thirds  of  them. 
There  are  several  herds  of  registered  animals.  The  breed  is  not  con- 
sidered of  special  importance  with  most  of  the  commissions,  provided 
the  composition  of  the  milk  produced  is  within  the  limits  of  the 
standard  prescribed.  The  health  of  the  animals  and  cleanliness  of 
the  surroundings  and  product  are  the  most  important  elements  in 
production.  The  production  of  the  different  herds  ranges  from  225 
to  5,000  quarts  daily  (though  the  milk  from  the  largest  herd  is  not 
all  certified).  The  butterfat  in  the  milk  as  reported  varies  from  3.6 
to  6.5  per  cent  and  averages  about  4.69  per  cent.  This  agrees  fairly 
well  with  the  average  percentage  of  4.54  reported  by  the  commissions, 
the  difference  probably  being  due  to  the  fact  that  only  33  dairies  are 
represented  in  the  average  for  dairies  while  the  average  reported  by 
commissions  represents  practically  all- the  certified-milk  producers. 

BACTERIA    IN   THE    MILK. 

The  number  of  bacteria  in  the  milk,  as  reported  by  the  dairymen, 
varies  all  the  way  from  200  to  10,000  per  cubic  centimeter.  One 
(No*  11)  has  an  average  of  3,317  for  43  weeks;  another  (No.  29) 
reports  a  count  of  below  1,000  for  one  year  and  an  average  of  150 
for  15  successive  weeks  from  samples  taken  at  random  in  the  city. 

METHODS   OP   CLEANING   AND   DISINFECTING    STABLES. 

It  is  the  general  practice  in  certified  dairies  to  remove  thp  manure 
at  least  twice  daily  to  the  field,  or  to  a  suitable  pit  some  distance 
from  the  stable.  In  the  most  carefully  managed  dairies  the  whole 
interior  of  the  stable  is  washed  and  scrubbed  daily  with  water  con- 
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Exterior  Views  of  Dairy  Stables  where  Certified  Milk  is  Produced. 
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Steps  in  the  Production  and  Handling  of  Certified  Milk. 

1.  Clipping  COW9.    2.  Cleaning  cows.    3.  Washing  rows  nreparatory  to  milking.    4.  Milker 
washing  hands.    5.  Milking.    G.  C(K)ling  and  lx)ttling. 
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Steps  in  the  Handling  and  Delivery  of  Certified  Milk. 

7.  Sealing  bottles.    8.  Slorapo.    9.  Case  of  bottles  ready  for  delivery.    10.  Delivery  wapon. 
11.  Washing  bottles.    12.  Sterilizing  bottU's. 
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taining  a  washing  compound.  Some  use  a  disinfectant  in  the  water 
once  or  twice  a  week,  as  bichlorid  of  mercury,  carbolic  acid,  or  per- 
manganate of  potash.  Bichlorid  of  mercury  is  probably  the  most 
expensive  of  any  of  the  disinfectants;  aside  from  this  fact  it  is  one 
of  the  most  satisfactory  because  it  gives  off  no  odor.  One  dairyman 
uses  cresol  in  water  daily.  Where  the  interior  of  the  stable, is  built 
of  wood,  it  is  whitewashed  from  two  to  twelve  times  annually,  or 
kept  well  painted.  Land  plaster  is  the  most  common  disinfectant 
for  floors  and  gutters.  Slacked  lime  is  also  satisfactory  for  this  pur- 
pose. Shavings  are  most  in  favor  for  bedding.  Some  dairymen  do 
not  use  any  bedding,  but  this  system  is  not  recommended. 

CLEANING  AND  TREATMENT  OF  COWS  PREPARATORY  TO  MILKING. 

The  COWS  are  cleaned  daily  with  currycomb  and  brush.  (PI.  Ill, 
2.)  The  udder  and  parts  in  proximity  to  it  are  either  washed  and 
wiped  with  a  clean  towel,  or  are  wiped  with  a  damp  cloth  or  sponge. 
(PI.  Ill,  3.)  In  many  cases  the  udder,  flanks,  etc.,  are  clipped  peri- 
odically. (PI.  Ill,  1.)  Occasionally  a  dairyman  sprays  stables  and 
cows  immediately  before  milking.  It  is  a  common  practice  to  fasten 
up  the  cows  after  they  have  been  cleaned,  in  such  a  way  that  they  can 
not  lie  down  till  they  have  been  milked. 

In  a  few  dairies  where  extraordinary  care  is  used,  the  whole  body 
of  the  cow  is  groomed  an  hour  or  more  before  each  milking,  and  any 
soiled  parts  are  scrubbed  with  a  brush  and  water  containing  a  wash- 
ing compound;  the  entire  body  is  bathed  from  the  neck  back;  the 
tail  is  washed ;  the  udder  is  washed  in  sterile  water  from  a  sterile 
pail,  and  dried  with  a  clean  towel,  a  separate  one  being  proWded  for 
each  cow. 

MILKERS   AND   MILKING. 

In  a  few  dairies  the  milking  is  not  done  in  the  regular  stable,  the 
cows  being  taken  to  a  milking  room  entirely  separated  fronr  the  rest 
of  the  bam.  This  room  is  well  lighted,  and  every  precaution  is  taken 
to  make  it  absolutely  sanitary.  Other  dairymen  claim  that  just  as 
good  results  can  be  secured  by  milking  in  the  regular  stable  if  proper 
precautions  are  taken.  As  some  of  the  lowest  bacteria  counts  on 
record  have  been  obtained  where  the  latter  plan  is  followed,  this  fact 
would  seem  to  substantiate  the  claim. 

The  custom  is  almost  universal  for  the  milkers  to  be  clad  in  freshly 
laimdered  suits.  Where  the  most  extreme  care  is  taken,  the  clothing 
of  each  milker  receives  a  thorough  cleansing  with  boiling  water  after 
every  milking,  and  is  then  locked  in  an  individual  air-tight  drying 
room,  where  it  is  sterilized  and  dried  by  steam,  remaining  there  until 
wanted  for  use.  Before  putting  on  their  special  suits,  milkers  are 
required  to  wash  their  hands  and  faces  and  clean  their  nails.  (PI. 
Ill,  4.)  At  least  one  producer  requires  that  before  the  milker  com^ 
mences  his  work  he  shall  take  a  shower  bath,  provision  for  which  is 
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made  in  rooms  adjoining  the  laundry.  When  ready  for  milking  the 
milker  is  supplied  with  a  pail  and  a  stool,  both  of  which  have  been 
cleansed  and  sterilized  since  last  in  use.  With  these  extreme  precau- 
tionsy  when  the  milker  goes  to  the  milk  room,  he  is  as  clean  in  person 
and  equipment  as  it  is  possible  to  make  him.  (PI.  Ill,  5.)  In  milk- 
ing it  is  a  common  practice  to 
discard  the  foremilk.  The 
milking  is  done  strictly  with 
dry  hands,  except  in  a  few  in- 
stances where  vaseline  is  em- 
ployed (a  usage  which  is  re- 
ported to  beentirely  practical). 
In  some^  dairies  milkers  are  re- 
quired to  wash  their  hands  be- 
fore milking  each  cow,  but  this 
is  not  the  general  practice. 

HANDLING   T^K    MILK. 

After  being  drawn  the  milk 
^  *  is    taken   immediately    to   a 


separate  room,  where  it  is  strained 
into  a  can  through  a  double  thick- 
ness 'of  cheese  cloth  (a  separate 
strainer  being  used  for  each  pail 
of  milk).  It  is  then  taken  imme- 
diately to  the  bottling  room  (PI. 
Ill,  6) ,  where  usually  it  is  cooled 
to  a  temperature  as  low  as  45°  to 
50°  F.,  and  in  some  cases  as  low  as 
35°  F.  Sometimes  it  is  strained 
again  through  absorbent  cotton 
on    reaching    the    cooling   room. 

In  a  majority  of  the  dairies  a  cooler  of  some  description  is  used; 
in  a  few,  however,  the  milk  is  strained  into  cans  standing  in  ice 
water.  It  is  then  bottled,  packed  in  cases,  and  covered  with 
crushed  ice. 


Fig.  1.— An  arrangemont  of  cooler  and  hand  bottle 
filler. 


Digitized  by  V3OOQ IC 


HANDLING  AND  COOUNG  THE  MHiK. 


27 


Figure  1  shows  an  arrangement  of  cooler  and  hand  bottle  filler, 
and  figure  2  is  a  floor  plan  for  a  small  dairy  house  for  handling  cer^ 
tified  milk.  If  the  bam  is  sanitary  the  dair}''  house  may  be  directly 
attached,  the  weigh  room  serving  to  separate  the  milk  room  from  the 
bam.  There  is  probably  less  danger  to  the  quality  of  the  milk  in 
having  the  dairy  connected  with  the  bam  (as  shown  in  fig.  2). than 
in  having  these  buildings  separated  by  an  open  space  through  which 
the  milk  is  carried  after  each  cow  is  milked. 

The  cooler  (parts  of  which  are  shown  in  PL  V)  is  placed  in  the 
receiving  room  (designated  as  *' weigh  room''  in  fig.  2).  After  each 
cow  is  milked  the  mUk  is  passed  over  the  cooler  and  into  the  hand 
bottling  receptacle  in  the  bottling  room.  One  man  bottles  the  milk 
without  assistance  and  is  able  to  fill  and  cap  200  to  300  bottles  an 
hour  and  place  them  in  the  storeroom.  It  will  be  seen  that  this 
arrangement  facilitates 
prompt  cooling  and  im- 
mediate bottling  with- 
out exposing  the  milk. 
The  apparatus  is  very 
simple,  inexpensive 
(cost  not  exceeding 
$150),  sanitary,  and  can 
be  easily  and  quickly 
cleaned.  It  is  xmder- 
stood  that  the  apparatus 
shown  in  the  illustration 
is  designed  for  the  small 
certified-milk  producer 
with  about  50  cows. 

Considering  the  pos- 
sibilities, of  producing 
certified  milk  with  the 
inexpensive  dairy  house  (fig.  2)  and  the  apparatus  required  for  cool- 
ing and  bottling  as  described  and  illustrated  (see  p.  26),  the  small 
dairyman  should  be  encouraged  to  produce  certified  milk. 

The  milk  coolers  in  some  of  the  dairies  are  so  constructed  that  the 
upper  coils  of  pipe  can  be  filled  with  hydrant  or  well  water  and  the 
lower  ones  with  ice  water  or  brine.  The  top  coils  remove  much  of 
the  animal  heat,  while  the  lower  ones  reduce  the  milk  to  a  tempera- 
ture of  35  to  40**  F.  As  the  milk  is  very  much  exposed  in  this  room, 
the  importance  of  the  air  being  free  from  all  impurities  is  apparent. 
In  the  best  dairies  the  room  is  sterilized  with  steam  preparatory  to 
cooling  the  milk,  and  In  some  instances  the  air  entering  the  room  is 
filtered  through  absorbent  cotton  or  a  spray  of  water. 


Fio.  2.— Dairy  house  lor  (vrtlfled-milk  plant  with  fifty  cows. 
(A  ^,  coal  bunkers;  B,  boiler;  C,  storilizor;  D,  shower  bath; 
E,  bottling  table;  F,  cooler;  Q,  receiving  can.) 
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The  milk  from  the  cooler  passes  immediately  into  a  tank  connected 
with  the  bottling  machine.  Some  plants  are  so  arrahged  that  the 
bottling  machine,  as  well  as  the  bottles,  passed  through  a  pressure 
steam  sterilizer  before  entering  the  bottling  room.  Paper  caps 
(made  from  wood  pulp)  are  universally  used  on  the  bottles.  The 
filled  bottles  are  rapidly  packed  in  cases  and  covered  with /cracked 
ice.  They  are  then  put  in  cold  storage,  or  in  some  cases  transported 
immediately,  the  ice  being  renewed  as  often  as  necessary  in  trans- 
portation so  that  a  low  temperature  is  maintained'  until  the  product 
reaches  the  consumer.     (See  PL  IV.) 

•STERILIZING   CAPS   FOR   MILK   BOTTLES. 

It  is  important  that  the  milk  caps  be  kept  sterile,  otherwise  the 

milk   is   contaminated   immediately   after   being   bottled.     This   is 

provided  for  in  some  instances  by  the  milk  commissions,  which 

sterilize  the  caps  and  send  them  to  the  dairymen  in  pasteboard 

boxes,  100  caps  in  each  box.     Some  dairymen  sterilize  their  own 

caps  by  inclosing  them^in  a  galvanized  iron  box  or  a  cloth  bag  and 

placing  them  in  the  sterilizer.     Some  use  copper  tubes 

for  this  purpose.     (Fig.  3.)     These  are  so  constructed 

that  the  caps  can  be  removed  and  placed  in  the  bottles 

by  touching  only  the  edges. 

COVERINGS  AND  SEALS  FOR  BOTTLES. 

Some  producers  of  certified  milk  use  nothing  for  seal- 
ing the  bottles  but  ordinary  pulp  caps  stamped  with 
the  name  of  the  commission  and  the  date.  Others 
use  various  coverings  in  addition  to  the  ordinary  cap, 
some  of  which  are  shown  in  Plate  VI. 

A  parchment  circle  bearing  the  name  of  the  dair>' 
„    ;^— —        is  frequently  placed  over  the  top  of  the  bottle  in  addi- 

FlO.3.  — Copper        .  ,,  i^  s-i  111  1 

caaeuscd  instcr-    tiou  to  the  pulp  cap,  and  fastened  with  a  rubber  band. 

iiiEing  milk  caps,  (p,  yj^  ^^  ^  ^^  2.)  Another  style  consists  of  a  tin- 
foil covering  on  the  top  of  the  bottle  in  addition  to  the  ordinary  cap. 
The  covering  is  sometimes  pasted  do^n  with  a  label,  making  a  very 
neat  package,  but  one  too  expensive  for  practical  use.  (See  PI.  VI, 
fig.  1,  No.  4.)  The  pulp  cap  sometimes  leaks  (PL  VI,  fig.  2,  No.  4), 
allowing  bacteria  to  enter. 

Somef^imes,  in  addition  to  the  pulp  cap,  a  metal  cover  is  used 
which  fits  over  the  top  of  the  bottle  and  is  fastened  with  a  wire  and 
lead  seal.  (PL  VI,  fig.  1,  No.  1.)  While  this  method  affords  good 
protection  to  the  milk,  it  adds  unnecessary  expense.  However,  there 
is  nothing  to  prevent  the  pulp  cap  from  leaking  and  molds  from 
developing.     (See  PL  VI,  fig.  2,  No.  1.) 
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Fig.  1.— Covered  Milk  Cooler. 


Fig.  2.— Parts  of  Cooler. 

1.  Cooler  proper.  Water  passes  through  interior  of  eoil.  iiii 
tacle  placed  on  top  of  No.  1:  has  perforations  in  the  bottom  near  the  edce  for  distributing  milk 
over  the  cooler.  3.  Cover  inelasing  cooler.  4.  Keeeptaele  for  reeeiviiig  the  milk  and  which 
also  contains  the  strainer.  The  latter  consist.*^  of  a  perionited  plate  which  is  put  in  first:  next 
to  this  in  placed  a  layer  of  cheese  cloth,  then  a  layer  of  absorbent  cotton  followed  by  another 
layer  of  cheese  cloth  and  a  perforated  plate.  5.  A  copper  ring,  filled  with  lead  and  heavily 
tinned,  placed  on  top  of  parts  of  strainer  to  hold  them  in  position. 
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Fig.  1— Coverings  for  Bottles  of  Certified  Milk. 


Fig.  2.— Bottles  with  Outer  Coverings  Removed. 
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Still  another  method  is  to  cover  the  paper  cap  with  a  plug  of  paraffin 
on  wfiich  is  placed  by  means  of  a  rubber  stamp  the  date  on  which  the 
milk  should  be  used.  The  whole  is  then  coveried  with  parchment 
paper  fastened  with  a  rubber  band.  This  style  is  illustrated  in 
PL  VI  (fig.  1,  No.  3j  and  fig.  2,  No.  3).  The  rubber  stamp  is  sup- 
plied to  each  producer  by  the  milk  commission  and  is  changed 
monthly.  Every  stamp  has  a  secret  mark  so  that  all  certified  milk 
can  be  readily  identified  in  the  city.  The  stamp  reads  *'To  be  sold 
and  used  {date].**  It  is  practically  impossible  to  tamper  with  this 
seal  without  the  fact  being  detected.  The  paraffin  has  the  advan- 
tage of  sealing  the  bottle  and  preventing  deception- by  refilling.  It 
is  also  cheap,  and  altogether  this  makes  a  most  desirable  package. 

MILK   PAIL8,    STRAINERS,    AND   STOOLS. 

The  milk  pails  used  in  certified-milk  plants  pre^nt  a  great  variety 
of  styles.  Generally  speaking,  they  have  a  small  opening  (5  to  8 
inches.)  Some  are  provided 
with  a  strainer  through 
which  the  milk  passes  in 
entering  the  pail .  This  con- 
»sts,  in  some  instances,  of 
several  thicknesses  of  cheese 
clot|i,  in  others  of  both 
cheese  cloth  and  absorbent 
cotton,  and  in  still  others  of 
metal  wire.     One  form  of 

pail  also  serves  the  purpose    ''^^-'^''^ZT^Z^^lTX^.r '''''''''''' 
of  a  stool.     (Fig.  9.) 

The  style?  of  milk  pails  shown  in  figure  5  were  reported  as  actually 
in  use  at  certified-milk  plants.  No  attempt  has  been  made  to  illus- 
trate all  the  kinds  of  pails  in  the  trade.  The  cuts,  however,  give  a 
good  general  idea  of  the  forms  commonly  found  on  certified  dairy 
farms.     (Figs.  5,  6,  and  7.) 

No.  1  has  the  advantage  of  being  stamped  from  one  piece  of  tin.  The  strainer,  how- 
ever, is  poorly  constructed,  having  a  metal  sieve  permanently  soldered  in  the  bottom, 
and  the  top  rolled  over,  making  it  difficult  to  keep  clean.  This  pail  would  doubtless 
give  better  results  in  fairly  clean  dairies  if  the  strainer  were  discarded  altogether. 

No.  2  has  a  removable  cover,  cheese  cloth  being  spread  over  top  of  pail  before  cover 
is  put  on.  It  is  a  fairly  good  pail,  but  the  removable  cover  has  no  special  advantage 
over  the  one-piece  pail  and  it  makes  one  more  part  to  keep  clean.  The  cover  must  be 
removed  after  each  milking,  thus  adding  to  the  danger  of  contamination. 

No.  3  is  similar  to  No.  1,  except  that  it  has  a  strainer  simpler  in  construction  and 
hence  more  readily  cleaned. 

No.  4  is  a  substantial  small-top  pail.  It  would  be  improved  by  a  hood  similar  to  that 
of  No.  5.  It  is  difficult  for  the  milker  to  hold,  on  account  of  being  smaller  at  the  top 
than  at  the  bottom. 
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No.  5  exhibits  the  best  principles.  There  is  no  strainer  attached,  and  the  hood  pre- 
vents dust  and  dirt  from  dropping  into  the  milk  when  the  pail  is  tipped  in  the  position 
used  in  milking.  It  should  be  made  of  one  piece  of  tin.  It  is,  however,  not  as  easy  for 
the  milker  to  hold  as  styles  1,2,  and  3. 

No.  6  is  a  very  popular  pail  with  certified-milk  producers.  Absorbent  cotton  is 
placed  in  the  top  between  two  layers  of  cheese  cloth,  and  thid  serves  as  a  strainer  di;ring 
milking.  The  cap  is  removed  from  the  opening  at  the  right  to  pour  out  the  milk.  This 
pail  altogether  is  a  little  complex  and  requires  careful  cleaning  to  keep  it  in  good  con- 
dition. The  absorbent  cotton  also  adds  pome  expense.  Clean,  dairies  do  not  require  a 
pail  with  a  strainer,  and  if  no  strainer  is  used  the  extra  spout  is  of  no  value. 


FiQ.  5.— Some  forms  of  milk  pallu  used  in  certified  dairies. 

No.  7  is  a  porcelain  pail  with  adjustable  tin  cover  similar  to  No.  2.  Cheese  cloth  is 
placed  over  the  top  of  the  pail  before  the  cover  in  put  on,  and  serves  as  a  strainer. 

No.  8  is  an  ordinary  open  pail  with  no  provision  for  keeping  out  dirt.  It  should  not 
be  used  in  any  dairy. 

No.  9  is  a  good  sanitary  pail.  It  has  a  small  Uip  provided  with  a  metal  strainer. 
Ill  certified  dairies  probably  better  results  would  be  secured  by  leaving  out  the  strainer. 
The  pail  would  be  iniDroved  if  stamped  from  one  piece  of  tin. 
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Noe.  10  and  11  illustrate  the  same  pail,  No.  11  showing  a  section  of  the  interior.  This 
pail  is  objectionable  for  the  reason  that  the  cover  is  carelessly  soldered  in,  leaving  an 
open  seam  (a)  which  collects  dirt  and  is  impossible  to  keep  clean. 


FIO.  6.— Additional  forms  of  milk  pails  used  in  certified  dairies. 

No.  12  shows  the  shape  of  an  ordinary  cream  can.  The  opening  is  too  large  and  the 
can  is  not  provided  with  a  hood.  The  can  has  too  many  seams,  and  it  is  not  ordinarily 
built  strong  enough  for  milking. 

No.  13  is  a  good,  sanitary  milk  pail.  The  height  is  convenient,  and  as  the  opening  is 
on  the  side  there  is  but  little 
chance  for  dirt  to  fall  in.  The 
seams  are  well  flushed  with 
solder.  The  objection  to  this 
pail,  if  any,  is  the  difficulty 
of  seeing  that  all  parts  are 
clean. 

No.  14  is  a  sanitary  milk 
pail  showing  cup  attached  for 
holding  the  foremilk.  The 
most  objectionable  feature  of 
the  pail  is  the  difficulty  of 
seeing  whether  all  parts  of 
the  interior  are  clean.  Fio.  7.— Two  more  forms  of  millc  pails  used  in  certified  plants. 

As  already  stated,  there  are  other  sanitary  milk  pails  on  the  market 
v/hich  are  not  presented  here  simply  because  their  use  has  not  been 
reported  in  this  investigation. 
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Aside  from  the  strainers  used  in  the  pails,  absorbent  cotton  is  gen- 
erally preferred.  This  is  usually  inclosed  between  two  thicknesses 
of  cheese  cloth,  a  method  which  is  foimd  to  be  very  practical. 

The  only  object  in  having  a  strainer  in  a  certified  dairy  is  for  safety. 
There  should  be  no  visible  dirt  or  dust  on  the  strainer,  but  in  case  a 
hair  or  any  particles  of  dirt  should  accidentally  fall  into  the  milk 

the  strainer  prevents  it  from  passing 
into  the  can  and  finally  into  the 
bottle.  The  strainer  also  acts  as  an  in- 
dicator and  shows  whether  or  not  the 
milking  has  been  done  in  a  cleanly  man- 
ner. It  is  believed  to  be  best  not  to 
have  a  strainer  of  any  kind  in  the 
milk  pail,  as  its  absence  has  a  tendency 
to  make  the  milker  use  the  utmost  care 
in  his  work,  because  he  knows  that  if 
any  particles  of  dirt  fall  they  will  go 
directly  into  the  milk.  After  milking 
each  cow  the  milk  should  be  strained 
through  two  or  more  thicknesses  of 
cheese  cloth  or  through  sterilized  cot- 
ton. Either  one  of  these  can  be  thrown 
away  after  use  and  there  are  no  strain- 
ers to  wash.  Metal  strainers  are  not 
necessary  or  desirable  in  a  certified-milk 
plant.  When  they  are  used  they  should 
be  so  constructed  that  ^  they  can  be 
taken  apart- for  thorough  cleaning. 

Figure  8   shows  a  form  of  strainer 
used  in  a  few  certified  dairies.     It  has 
adjustable  sieves  which  faciUtate  clean- 
ing.    While  this  style  is  commonly  used 
where  milk  is  more  or  less  dirty,  some 
simple  form  such  as  two  or  three  thick- 
nesses of   cheese  cloth  which  can  be 
thrown  away  after  straining  each  cow's 
milk  *is  better.     Metal  parts  are  difli- 
cult  to  keep  sterile  and  may  add  more 
bacteria  than  they  remove. 
The  milk  stools  used  in  certified  plants  vary  greatly  in  construction, 
style,  and  material.     Some  are  constructed  wholly  of  wood  and  some 
have  metal  legs  and  wooden  seat;  those  in  most  common  use  are 


Fig.  8.— Form  of  strainer  used  in  a  few 
certified  plants. 
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made  of  heavy  galvanized  iron;  these  will  stand  constant  sterilizing 
and  never  wear  out. 

Figure  9  shows  a 
number  of  forms  of 
stools  that  have  been 
reported  in  use  at  cer- 
tified dairies. 

No.  1  is  agood  type  of  san- 
itary stool  made  of  metal. 
The  ends  of  the  pipes  luied 
for  the  legs  are  filled  with 
lead,  and  there  are  no  cor- 
ners to  collect  dirt. 

Nos.  2  and  4  are  similar  t4> 
No.'l,  except  that  caps  are 
screwed  on  the  ends  of  the 
legs,  making  them  slightly 
more  difficult  to  keep  clean. 

No.  3  serv^es  for  both  pail 
and  milk  stool.  The  cover, 
hoops,  bail,  etc.,  make  it 
more  difficylt  to  keep  clean 
than  the  simpler  styles. 

No.  5  is  devised  so  that 
one  end  serves  as  a  recep- 
tacle to  hold  the  pail  while 
the  milker  sits  on  the  other 
end.  As  in  the  case  of  No. 
3,  this  style  is  more  difficult 
to  keep  in  a  sanitary  condi- 
tion than  the  simpler  forms. 

No.  6  is  constructed  en- 
tirely of  iron,  galvanized 
after  being  put  together.  It 
is  simply  constructed;  hav- 
ing only  a  single  leg.  The 
base,  however,  furnishes  a 
larger  surface  to  keep  clean.  Fi«-  ^-  ^  Milking  stools  used  in  certlfled  dairies. 

PRICES    RECEIVED    FOR    CERTIFIED    MILK. 

The  lowest  price  reported  for  certified  milk  delivered  at  the  local 
railroad  station  was  5  to  5i  cents  a  quart  in  cans,  the  dealer  paying 
the  transportation  charges.  One  producer  bottles  his  milk  and  sells 
it  for  6  cents  a  quart  wholesale.  The  dealer  furnishes  the  bottles 
and  cases  and  pays  the  freight.  The  highest  price  received  for 
certified  milk  bottled  at  the  farm  and  delivered  to  the  local  station 
was  10  cents  a  quart.  The  retail  price  for  certified  milk  ranges 
from  10  to  30  cents  a  quart,  and  the  retail  price  of  cream  varies 
from  30  to  50  cents  a  qu8frt.     The  reports  received  from  the  milk 
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commissions  show  that  prices  received  for  certified  milk  average 
9,bout  5  cents  a  quarf  higher  than  prices  for  ordinary  market  milk.  It 
should  be  noted  that  the  prices  given  here  are  largely  wholesale  or  prices 
received  by  the  dairymen,  while  those  reported  by  the  Commissions 
in  another  part  of  this  bulletin  are  largely  retail  or  prices  paid  by 
the  consumer. 

IS   THE    PRODUCTION   OF   CERTIFIED   MILK    PROFITABLE? 

Eighteen  certified  milk  producers  reported  the  business  profitable 
or  fairly  so.  (See  Table  2.)  One  stated  that  it  was  not  profitable 
at  less  than  15  cents  a  quart.  Several  stated  that  it  was  profitable 
if  conducted  on  a  large  scale.  Nearness  to  market  and  facilities  for 
transportation  also  affect  the  profit.  Difficulty  in  securing  com- 
petent help  and  lack  of  appreciation  on  the  part  of  the  public  were 
reported  by  some  to  be  drawbacks  to  their  business.  In  many  in- 
stances the  business  has  not  paid  owing  to  the  great  expense  for 
buildings  and  equipment,  but  much  of  this  expense  was  entirely 
unnecessary.  Sanitary  conditions  and  extreme  care  are  far  more 
important  requisites  in  the  production  of  certified  milk  than  fine 
architecture  and  expensive  and  superfluous  apparatus. 

SANITABY  CONDITIONS  OF  CERTIFIED  MILK  DAIRIES. 

In  order  to  deteniiine  the  sanitary  conditions  existing  in  certified 
milk  dairies,  sixteen  were  visited  by  a  representative  of  the  Dairy 
Division  and  scored  on  the  basis  of  the  official  score  card  prepared 
and  used  by  the  Dairy  Division.  The  result  of  the  scoring  is  shown 
in  Table  3. 

Table  3. — Detailed  scores  of  sixteen  certified  dairy  farmsA 


No.  of  dairy. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8., 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
10. 


.\v<TRgP 

Fpt  cent  of  ixTfoct  scor«'. 


Cows  (per- 

fwt  score, 

20). 


■| 


19.90 
99.3 


Stables 

(perftet 

score,  25). 


13.00 
17.00 
20.50 
22.50 
23.00 
19.00 
23.50 
22.00 
21.90 
22.30 
23.50 
24.00 
24.00 
24.  .50 
24.  rM) 
24.50 

21. SO 
S7. 2 


Milk  house 

Milking 

Handling 
of  milk 
(ptrfect 

scon*.  20).. 

Total  score 

(perfect 
score,  20). 

(perfect 
score,  15). 

(perfect, 
100). 

19.00 

12.00 

15.00 

79.00 

15.00 

13.00 

16.00 

81.00 

16.00 

12.00 

15.00 

83.00 

17.00 

12.00 

15.00 

86.50 

17.00 

13.00 

19.00 

92.03 

2J.00 

15.00 

20.00 

94.00 

20.00  1 

14.00 

18.00 

95.25 

20.00 

15.00 

20.00 

97.00 

19.  GO 

15. 00 

20.00 

90.50 

20.00 

15.00 

20.00 

97.30 

20.00 

15.00 

20.00 

97.75 

19.50 

15.00 

20.00 

98.50 

20.00 

15. 00 

20.00 

99.00 

19.50 

15. 00 

20.00 

99.00 

20.00 

IT).  00 

20.00 

99.50 

20.00 

15. 00 

20.00 

09.50 

IS.W 

.    14.10 

18.(50 

S3. 40 

94. .-. 

94 

?« 

93.40 

a  The  fiirnis  were  scored  in  most  instances  l)y  Dr.  K.  M.  Santeo,  assistant  dairyman. 

A  study  of  the  scores  shows  the  cows  to  be  in  almost  perfect  condi- 
tion, the  average  score  being  19.9  points  out  of  a  possible  20.  ^1  the 
animals  had  been  tested  with  (ubernilin. 
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The  greatest  defects  were  found  in  the  stables,  some  showing  poor 
construction,  while  othejrs  were  scored  off  a  point  or  two  for  lack  of 
cleanliness.  Occasionally  the  light  and  the  ventilation  were  poor. 
The  average  score  for  the  stables  was  21.8,  perfect  being  25. 

The  condition  of  the  milk  houses  was  generally  good.  Seven  had 
slight  deficiencies  in  construction  and  5  were  scored  off  a  point  or  two 
on  equipment.  Fourteen  of  the  16  were  given  a  perfect  score  for 
cleanliness,  14  were  perfect  on  utensils,  and  15  had  good  water  supply. 

The  methods  of  milking  were  good.  Clean,  white  suits  were  worn 
by  the  milkers  in  nearly  all  cases,  and  proper  attention  was  given  to 
the  udders  and  flanks  of  the  cows  before  milking.  The  average 
score  for  milking  was  14.1  points  out  of  a  possible  15.  Ten  dairies 
received  a  perfect  score. 

The  milk  was  handled  by.  the  most  approved  methods  in  most 
instances,  and  promptly  cooled  to  a  temperature  low  enough  to  keep 
the  bacteria  in  check.  The  average  sc^re  for  handling  the  milk  was 
18.6  out  of  a  possible  20.     Ten  dairies  received  a  perfect  score. 

Averaging  the  scx)res  for  all  the  conditions,  we  find  1  ci^iry  below  .80, 
3  over  80  and  less  than  90,  and  12  over  90;  2  scored  99,  and  2,  99.5. 
The  average  score  for  all  dairies  was  93.4.  Comparing  these  condi- 
tions with  the  average  of  some  2,000  (lairies  producing  ordinary  mar- 
ket milk  for  city  consumption,  we  find  a  striking  contrast,  the  average 
score  for  the  latter  being  about  50. 

THB  QXTAIilTY  OV  OBBTIFIBD  yTTiK 

It  was  arranged  to  have  12  samples  of  certified  milk  sent  to  Wash- 
ington from  various  points  for  analysis.  These  were  tested  for  solids, 
fat,  bacteria,  acidity,  and  flavor;  and  were  scored  on  the  basis  of  a 
score  card  prepared  for  this  purpose.  Table  4  shows  the  results  of 
the  scoring. 

Table  4. — Analyses  of  samples  of  certified  milh  (four  days  oUf)  skipped  to  Washington 
from  points  in  New  York,  New  Jersey^  Pennsylvania y  Ohio,  and  Kentucky. (^ 

DESCRIPTIVE  SCORE. 


Sam- 

Flavor. 

Fat. 

Solids 
pot  (at. 

Total 
solidH. 

Per  cent. 
16.30 
13.  W 
16.06 
13. 9,-1 
15.  59 
13.99 

13.  go 

14.00 
13.77 
13. 52 
14.10 
13.64 

Acidity. 

Per  cent. 
.198 
.216 
.11» 
.180 
.201 
.198 
.tHO 
.203 
.187 
.196 
.197 
.201 

Total 
bacU»riii 
pere.  0. 

3,800 
1,000 
4,800 
3,500 
1,820 

3,  aw 

10.900 
7,700 
3,600 
280 
clO.lKK) 
2,750 

Condition  of  package 
and  contents.    '^ 

1 

Good 

Per  cent. 
6.50 
3.75 
6.30 
5.06 
»5.60 
5.20 
4.50 
5.00 
4.60 
4.50 
4.70 
•     4.70 

Per  cent. 
9.80 
9.75 
9.76 
8.88 
9.99 
8.79 
9.40 
9.00 
9.17 
9.02 
9.40 
8.94 

Trace  of  foreign  inatt<>r. 

2 
3 

Good 

Good 

Do. 
Do. 

Silage  and  salty... 
Fair 

Good. 

Trace  of  fonMgn  matt4»r. 
Do. 

Slightly  bitter.... 
Slight  silage  flavor 
Good 

Goo<l. 

Tnice  of  fon'igii  iiuittor. 

<}o(k1. 

10 

Good 

Do, 

11 
12 

Slight  silage  flavor 
do 

Do. 
Do. 

Average.... 

5.a3 

9.33 

14.36 

.197 

5,  l^J 

oThe  samples  were  analyzed  by  Ivan  C.  Weld,  assistant  (lairyin»m  in  the  Dairy  Division,  who  also 
assisted  In  toe  scoring. 
*  Sold  (or  5  per  cent  milk, 
c Analysed  and  scored  when  five  day.s  old,  owing  to  delay  In  transportation. 
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Table  4. — Analyses  of  samples  of  certified  mUk  (four  days  old)  shipped  to  Washington 
from  points  in  New  York,  New  Jersey,  Pennsylvania,  Ohio,  and  Kentucky — Con. 

NUMSRICAL  SCORE. 


Sample  No. 

Flavor 

(perfect 

score,  40). 

36.50 
37.50 
36l00 
31.50 
32.00 
33.00 
35.00 
35.25 
36.50 
?6.25 
35.00 
36.00 

.Vi.OO 

Composi- 
tion (per- 
fect score^ 
r>). 

Bacteria 

(perfect 

score,  20). 

Acidity 
(perfect 
score,  6). 

Appear- 
ance of 
package 
and  con- 
tents (per- 
fect score, 
10). 

Total 
score  (per- 
fect, 100). 

1 

17.00 
25.00 
17.00 
22.00 
25.00 
22.00 
25.00 
23.00 
24.00 
25.00 
24.00 
24.00 

16.00 
20.00 
15.00 
16.00 
18.00 
16.00 

9.00 
12.00 
16.00 
20.00 

5.00 
17.00 

3.50 
1.50 
3.50 
5.00 
3.00 
3.50 
4.50 
2.50 
4.50 
3.50 
3.50 
3.00 

9.00 
9.00 
9.50 
10.00 
9.50 
9.50 
10.00 
9.50 
,10.00 

laoo 

10.00 
10.00 

82,00 

2 

9Bk<IO 

3 

8L00 

4 

Si^so 

5 

87.  SO 

ft 

84.00 

7 

8 

fl 

83.50 
82.25 
91.00 

10 

11 

12 

94.75 
77.25 
9a  00 

Averagp 

22. 75 

LS.OO 

3.46 

9.70 

86.00 

The  scores  show  that  the  milk  was  generally  of  good  quality.  Five 
samples  showed  a  slight  silage  taint,  which  reduced  the  score  some- 
what on  this  point.  From  observations  made  by  the  writer  it  is  be- 
lieved this  flavor  was  transmitted  to  the  milk  more  frequently  from 
silage  odors  in  the  bam  during  milking  than  from  feeding  silage. 
One  sample  was  slightly  salty  and  another  slightly  bitter.  The  aver- 
age score  for  flavor  was  35  points  out  of  a  possible  40. 

The  fat  in  the  milk  with  one  exception  reached  4  per  cent  or  higher. 
Four  samples  were  above  5  per  cent,  two  of  these  being  above  6. 
These  considerably  exceeded  the  limit  specified  by  the  commissions. 
While  the  customer  receiving  this  high  quality  of  milk  would  have 
the  advantage  in  quality,  it  is  believed  that  the  fat  in  certified  milk 
should  be  kept  within  the  limits  specified  by  the  commissions.  As 
stated  on  the  score  card,  1  point  is  deducted  for  every  one-fourth  per 
cent  variation  from  the  limits  of  3.5  and  4.5  per  cent,  hence  some 
scores  were  reduced  quite  materially  for  this  reason.  The  average 
for  all  the  samples  was  5.03  per  cent,  solids  not  fat  9.33,  and  total 
solids  14.36.  The  average  score  for  composition  was  22.75  points 
out  of  a  possible  25. 

All  of  the  samples  were  cut  a  little  for  excessive  acidity,  but  it 
should  be  stated  that  the  milk  was  four  days  old  when  scored,  and 
in  some  cases  it  had  been  shipped  without  ice.  The  average  acidity 
was  0.197  per  cent,  and  the  average  score  for  acidity  was  3.46  points 
out  of  a  possible  5. 

The  bacteria  in  the  milk  showed  a  great  variation  in  numbers,  the 
highest  number  being  19,000  per  cubic  centimeter  and  the  lowest  280.  • 
Deductions  were  mmle  for  counts  exceeding  1,000  per  cubic  centi- 
meter on  the  basis  of  the  score  card.     The  average  count  was  5,183 
and  the  average  score  for  bacteria  was  15  points  out  of  a  possible  20. 
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The  style  of  the  packages  and  the  appearance  of  the  contents  so 
far  as  f6reign  matter  was  concerned  were  generally  good.  Six  of  the 
samples  had  a  slight  trace  of  sediment.  The  average  score  was  9.7 
points  out  of  a  possible  10. 

The  total  score  for  all  samples  was  86  on  the  basis  of  100  for  per- 
fect. One  hundred  and  forty-four  samples  of  market  milk  recently 
scored  by  the  Dairy  Division  averaged  81.4,  indicating  that  the  qual- 
ity of  milk  sold  as  certified  was  quite  superior  to  the  ordinary  product 
in  spite  of  the  fact  that  it  was  from  three  to  four  days  old  when 
scored,  while  the  market  milk  was  scored  the  same  day  it  was  pro- 
duced. 

CBBTIFIBD  MILK  AND  HAKKET  MILK  COKPABBD. 

As  far  as  the  chemical  comj>osition  is  concerned,  certified  milk  does 
not  differ  materially  from  ordinary  market  milk.  The  milk  commis- 
sions require  that  the  fat  and  total  solids  shall  come  within  certain 
limits,  and  for  this  reason  there  is  but  little  variation  in  the  chemical 
composition  of  certified  milk.  The  standards  are  not  high  for  the 
reason ^that  milk  containing  about  4  per  cent  of  fat  is  considered  to  be 
the  best  for  immediate  consumption.  As  stated  elsewhere,  many  of 
the  herds  in  certified-milk  dairies  are  composed  of  grade  cows  and  do 
not  produce  milk  of  more  than  the  average  richness. 

When  we  compare  the  bacterial  content  of  certified  and  market 
milk  we  find  a  very  striking  difference.  The  bacteria  in  the  average 
milk  supply  of  our  large  cities  exceed  500,000  to  the  cubic  centimeter, 
while  the  bacteria  in  certified  milk  seldom  exceed  30,000  to  the  cubic 
centimeter  and  in  most  instances  average  less  than  10,000.  There 
have  been  some  cases  where  commissions  have  reported  that  no  bac- 
teria were  shown  to  be  present  by  the  ordinary  methods  used  for 
their  detection. '  Liquefying,  putrefactive,  and  pus-forming  bacteria 
are  seldom  present  in  large  numbers;  in  fact  the  contracts  of  some 
commissions  with  the  producers  specify  that  the  milk  shall  not  con- 
tain pathogenic  bacteria  or  more  than  a  Umited  number  of  pus  cells  to 
the  cubic  centimeter. 

KEEPINQ  QUALITIES  OF  CERTIFIED  MILK. 

As  would  naturally  be  expected,  certified  milk  with  its  small  num- 
ber of  bacteria  will  keep  sweet  for  a  long  time.  The  theory  that  clean 
milk  should  have  a  long  keeping  quality  works  out  in  practice.  In- 
stances are  on  record  where  certified  milk  has  been  taken  on  an  ocean 
voyage  and  not  only  brought  back  in  good  condition  but  kept  sweet 
until  thirty  days  old.  In  fact  it  is  now  a  common  practice  for  people 
when  crossing  the  water  or  taking  a  long  land  journey  with  infants  to 
take  several  cases  of  certified  milk  with  them.  They  are  then  reasonably 
sure  of  having  a  constant  supply  of  sweet  milk  for  several  days.  Some 
producers  who  guarantee  their  milk  have  offices  in  London  as  well  as 
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in  this  country  so  that  a  supply  of  fresh  milk  can  be  secured  by  voy- 
agers going  in  either  direction.  This  has  been  a  great  convenicfbce  and 
has  given  comfort  to  many  people.  Again^  a  number  of  certified-milk 
dairies  in  the  United  States  sent  exhibits  of  mUk  to  the  Paris  Expo- 
sition in  1900.  The  milk  kept  perfectly  sweet  for  two  weeks  and  in 
some  instances  18  days  after  being  bottled  and  after  a  summer  journey 
of  3,000  to  4,000  miles.  Regular  deUvery  bottles  were  used,  the  only 
extra  precaution  being  to  use  two  paper  caps  instead  of  one,  and  to 
cover  the  caps  with  paraffin  so  as  to  exclude  the  air.  Of  course  the 
milk  was  carefully  packed  in  ice  for  shipment,  but  this  was  the  only 
means  used  for  preservation. 

The  results  of  the  milk  and  cream  contest  at  the  National  Dairy 
Show  held  in  Chicago  in  February,  1906,*  were  of  interest  in  showing 
the  keeping  quality  of  certified  milk  and  cream.  Some  of  the  milk 
exhibited  was  shipped  over  1,000  miles  and  was  still  sweet  after 
five  weeks,  and  in  one  instance  seven  weeks,  from  the  time  it  was 
shipped.  These  results  tend  to  show  that  what  is  needed  more 
than  anything  else,  in  order  to  improve  the  milk  supply,  is  cleaner 
milk. 

IS  CERTIFIED  MILK  WORTH  THE  EXTRA  COST  P 

In  view  of  the  extreme  care  and  greater  expense  required  in  the 
production  of  certified  milk,  the  question  is  sometimes  raised  as  to 
whether  it  is  worth  the  labor  and  pains  necessary  to  produce  it.  It 
must  be  conceded  that  pure  milk  is  of  vital  importance  in  the  feeding 
of  infants.  The  best  way  to  produce  it  is  by  the  methods  commonly 
practiced  in  certified-milk  plants  as  already  outUned  in  this  bulletin. 
The  result  of  feeding  such  milk  to  infants  and  children  in  our  cities, 
as  shown  in  the  decrease  in  the  death  rate,  is  a  matter  of  common 
knowledge.  Further,  with  more  refined  ideas  of  living,  there  is  a 
growing  demand  for  milk  of  the  highest  quality  that  can  be  produced. 
Naturally,  with  the  careful  methods  used  in  its  production,  certified 
milk  costs  more  than  ordinary  market  milk,  and  the  price  charged 
for  it  is  correspondingly  higher.  In  spite  of  this  advanced  price, 
however,  a  number  of  certified  dairies  have  failed  to  make  a  profit. 

Certified  milk,  produced  under  the  direction  of  a  reliable  milk 
commission,  is  worth  more  than  ordinary  market  milk  for  several 
reasons:  (1)  It  is  free  from  disease-producing  bacteria,  and  all  otheJ 
germs  are  reduced  to  a  minimum.  (2)  It  is  free  from  high  acidity  and 
pathogenic  germs  which  lead  to  stomach  derangements  and  kindred 
troubles.  (3)  The  customer  can  always  depend  upon  his  milk  coming 
from  the  same  farm,  the  same  herd  of  cows,  subjected  to  the  same 
treatment,  and  having  the  same  quality.  The  fat  content  is  guar- 
anteed not  to  vary  outside  of  narrow  limits;  hence  the  milk  is  always 
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of  good  quality.  (4)  Cleanliness  and  cold  are  the  only  preservatives 
used.  (5)  It  is  a  safe  food  for  infants  and  people  with  delicate  diges- 
tion, (6)  It  is  the  natural  product  of  the  cow,  and  has  not  been 
subjected^  to  any  treatment  which  affects  its  digestibility  or  changes 
its  character.  (7)  It  is  reasonably  free  from  foreign  otlors  and 
objectionable  flavors. 

THB  FTTTUBE  OF  THB  OBBTIFIBD-MILX  INDUSTRY. 

The  production  and  sale  of  certified  milk  will  probably  never 
amount  to  more  than  a  small  fraction  of  the  total  milk  consumed. 
It  is  believed,  however,  that  the  demand  for  this  cla^  of  milk  will 
increase,  not  only  for  infants  and  persons  of  delicate  health,  but  for 
people  who  appreciate  a  good  product  and  want  the  best.  There 
is  over  a  score  of  cities  at  the  present  time  each  of  which  is  supplied 
with  certified  milk  from  one  or  more  dairies,  and  it  is  believed  that 
most  cities  of  a  population  of  25,000  to  50,000  or  more  would  sup- 
port a  certified-milk  dairy  if  the  product  were  properly  advertised 
and  its  merits  generally  known  to  the  public.  Phj^sicians  assist 
greatly  in  the  sale  of  certified  milk,  and,  as  a  number  of  them  are 
usually  members  of  the  milk  commissions  Sn  the  various  cities,  they 
are  thoroughly  acquainted  with  the  conditions  imder  which  the  milk 
is  produced  and  freely  recommend  its  use. 

AN  ECONOMICAL  METHOD  OF.PBODXTCINa  CERTIFIED MILK.a 

This  description  is  not  intended  to  interest  those  who  are  desirous 
of  building  show  plants,  but  only  those  who  want  to  produce  certified 
milk  of  superior  quality  at  the  minimum  cost  for  buildings,  equipment, 
and  operation.  There  are  a  few  essential  points  in  the  production  and 
handling  of  certified  milk  which  must  be  observed.  If  these  details  are 
strictly  adhered  to,  the  quality  of  the  milk,  so  far  as  the  bacterial  con- 
tent is  concerned,  is  assured. 

The  following  are  the  points  to  be  regarded  as  the  most  important: 

1.  The  health  of  the  cows. 

2.  The  sanitary  construction  of  tlie  barn. 

3.  The  sanitary  condition  of  the  barn. 

4.  The  sanitary  condition  of  the  cows. 

5.  The  sanitary  condition  of  utensils. 

'       6.  The  sanitary  condition  of  clothing. 

7.  Sanitary  methods  of  milking. 

8.  Few  utensils,  simple  in  construction. 

9.  Rapidity  of  cooling. 

10.  Sanitary  bottUng  room.  . 

o  ThiB  article  was  prepared  by  B.  D.  WTiite,  a«*istant  dairyman  in  the  Dairy  Divi- 
sion, at  the  author's  requ€fet,  and  shows  an  economical  method  for  the  production  of 
certified  milk  as  practiced  several  years  by  Mr.  White  when  superintendent  of  a  certi- 
fied dairy  in  Minnesota. 
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11.  Rapid  bottling  into  sterilized  bottles. 

12.  Keeping  filled  bottles  covered  with  chopped  ice  from  time  of 
filling  to  time  of  delivery  to  consumers. 

No  attempt  will  be  made  to  theorize,  but  the  writer  will  simply 
state  his  practical  experience  and  the  results  obtained  under  such 
conditions. 

Health  offfie  cows. — Every  cow  was  tested  at  least  once  each  year 
for  tuberculosis  by  a  competent  veterinarian,  and  new  animals  to  be 
placed  in  the  herd  were  tested,  then  isolated  for  three  months  and 
tested  again.  Herds  have  been  contaminated  by  purchased  animals 
which  did  not  react  when  purchased,  but  showed  a  decided  reaction 


Fig.  10.— Stall  with  panel  wooden  floor. 

a  few  months  thereafter,  thus  showing  the  necessity  for  this  practice. 
The  cows  were  watched  for  other  diseases  and  ailments,  and  when  one 
showed  symptoms  of  any  trouble  she  was  immediately  removed  from 
the  herd  and  her  milk  was  rejected. 

Sanitary  construction  of  ham. — The  barn  was  a  one-story  structure 
of  wood  with  plenty  of  light  and  provided  with  the  King  system  of 
ventilation.  The  floor,  wall,  and  manger  were  of  cement;  the  ceiling 
was  lath  and  plaster;  swing  stanchions  were  used  for  ties.  It  was 
found  that  the  cement  floor  was  too  hard  for  the  cows  to  stand  on 
and  was  the  cause  of  various  troubles,  such  as  garget,  etc.;  con- 
sequently it  was  later  covered  with  2-inch  matched  pine  flooring, 
which  gave  better  results. 
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In  building  again  we  would  substitute  panel  floors  for  stalls,  as 
illustrated  in  figure  10.  Two  pieces  4  by  4  inches  by  3  feet  are  laid  in 
the  concrete,  and  a  panel  3  feet  wide  made  of  2  by  6-inch  matched 
plank  nailed  to  them.  The  panel  projects  over  the  gutter  about 
1  inch.  A  space  of  6  inches  is  left  between  panels  which  is  cemented 
level  with  the  top  of  the  plank.  This  admits  of  taking  up  a  panel 
and  putting  in  a  new  one  >\ithout  disturbing  the  rest  of  the  floor. 
In  putting  down  a  floor  in  a  new  bam,  or  in  replacing  an  old  floor,  it  is 
recommended  that  tar  be  used  in  the  joints  and  on  the  lower  surface  of 
the  floor. 

In  the  construction  of  a  bam  intended  for  the  production  of  cer- 
tified milk  care  should  be  taken  to  have  as  few  posts  as  possible, 
and   preferably  no  cross  beams  or  braces 
should  be  exposed.     The  interior  should  be 
smooth  with  no  place  for  the  lodgment  of 
dust. 

Sanitary  condition  of  the  bam. — With 
the  construction  of  such  character  that  a 
bam  may  be  kept  clean,  it  only  remains  to 
use  energy,  water,  and  washing  powder. 

Sanitary  condition  of  cows. — The  cows  as 
well  as  the  bam  must  be  kept  clean.  Ex- 
perience has  shown  that  the  sanitary  condi- 
tion of  the  cows  has  as  much  to  do  with  the 
bacterial  content  of  the  milk  as  any  other 
factor.  The  method  used  was  first  to  place 
the  cows  in  a  stall  according  to  their  size, 
to  have  sufficient  bedding  to  keep  them  clean 
and  comfortable,  to  keep  the  hair  short  in 
the  region  of  the  udder,  to  groom  the  cows 
every  day,  to  wash  them  before  every  milk- 
ing with  clean,  warm  water  and  a  bnish, 
and  just  before  milking  each  cow  to  clean 
the  udder  again  with  a  clean  wet  towel. 
During  fly  time  the  tails  of  three  cows  (the     Fio.ii.-cow-taiihoirur.  Thopin- 

*^      "^  cors  snap  around  the  cow's  tail 

one  to  be  milked  and  the  one  on  either  side)  and  the  rubber  band  is  passed 
were  fastened  with  cow-tail  holders.     (See       ^°""^  ^\''  ^^^  *"^  ^Z""^^  '^'^ 

_  .  the  ojM'n  link  on  the  chain. 

ng.   11.)     After  the  cows  were   washed   a 

small  chain  was  fastened  across  the  stanchions  under  the  cows'  necks 
to  prevent  them  from  lying  down;  after  they  were  milked  tlio  chains 
were  unfastene<l  and  the  cows  were  allowed  to  lie  down. 

The  manure  was  not  removed  immediately  before  milking,  and 
nothing  was  done  which  would  raise  a  dust,  as  dust  is  one  of  the  most 
prolific  sources  of  milk  contamination. 

Sanitary  condition  of  uierwils. — All  utensils  with  which  the  milk 
came  in  contact  were  washed,  rinsed,  and  steamed,  or  sterilized  in  a 
pressure  sterilizer. 
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SqmJUiTy  condition  of  dothing, — ^Milldng  suits  were  provided  which 
consisted  of  white  duck  trousers,  a  black  belt,  and  a  khaki  shirt,  these 
making  a  neat  and  sanitary  uniform/  Puring  the  summer  months 
the  sleeves  of  the  shirts  were  rolled  up  to  or  above  the  elbows.  These 
suits  were  washed  twice  a  week.  With  tight-fitting  clothes  there  is 
less  danger  of  contamination  than  with  loose  coats. 

Sanitary  method  of  milking. — With  a  clean  bam,  cle>an  and  healthy 
cows,  clean  utensils,  and  milkers  wearing  clean  clothes,  all  that  re- 
mains is  care.  However,  it  may  be  mentioned  that  it  was  the  prac- 
tice to  wash  the  hands  thoroughly  before  milking,  and  each  milker 
was  provided  with  an  individual  towel  which  was  used  only  once. 
After  the  hands  were  washed  and  dried  and  a  small  amount  of 
vaseline  was  rubbed  on  the  palms,  each  milker  took  a  pail,  which 
had  been  previously  steriUzed  by  steam,  and  a  clean  metal  milking 
stool,  and  proceeded  to  the  stable  with  stool  in  one  hand  and  pail 
in  the  other.  The  milkers  did  not  touch  the  cows  with  their  hands, 
except  the  teats.  Care  was  taken  in  holding  the  pail  (which  was  of 
the  style  shown  in  fig.  6,  No.  9,  except  that  the  strainer  was  dis- 
carded) at  an  angle,  so  that  there  was  but  little  if  any  chance  for  dirt 
to  drop  into  the  pail.  After  milking  each  cow  the  milker  immedi- 
ately proceeded  to  the  milk  room,  carrying ^ the  pail  with  its  opening 
away  from  him.  The  top  of  the  pail  was  brushed  with  a  clean  damp 
cloth,  and  then  the  milk  was  poured  into  the  covered  receptacle, 
from  which  it  flowed  over  the  cooler,  which  was  in  the  milk  room 
attached  to  the  bam.  The  milker  then  washed  his  hands  in  clean 
water  and  dried  them  with  a  clean  towel  and  returned  to  milk  another 
cow.  The  foremilk  from  each  cow  was  caught  in  a  separate  recep- 
tacle and  discarded. 

Utensils  and  equipment. — The  plant  was  originally  equipped  with 
the  most  elaborate  apparatus  money  could  buy,  but  after  a  thorough 
trial  with  poor  results  it  was  practically  all  discarded,  including  steril- 
izer for  milking  suits,  large  open  cooler  with  many  receptacles,  con- 
ductors, etc.,  and  elaborate  anterooms  connected  with  washrooms  and 
baths.  Theoretically  and  for  show  purposes  this  appeared  all  right, 
but  it  had  no  place  in  practice.  When  simpler  apparatus  was  installed 
and  simpler  methods  were  practiced  no  difficulty  was  experienced  in 
keeping  the  bacterial  content  down  to  an  average  of  2,000  per  cubic 
centimeter. 

Cooling. — Experience  leads  us  to  believe  that  the  rapidity  with 
which  milk  is  cooled  has  a  wonderful  influence  in  keeping  down  the 
bacteria.  Instead  of  drawing  the  milk  and  placing  it  in  a  can  and 
when  the  can  is  full  sending  it  to  the  dairy  house  to  be  passed  through 
and  over  the  surface  of  several  different  contrivances  to  be  strained, 
cooled,  and  conducted  to  the  bottling  macliine,  the  cooling  was  effected 
within  60  seconds  from  the  time  the  milk  was  drawn  from  the  cows. 
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The  temperature  of  the  milk  was  reduced  to  within  2  degrees  of  the 
temperature  of  the  water  passing  through  the  cooler.  The  style  of 
cooler  is  shown  in  Plate  V.  From  this  point  the  milk  was  conveyed  to 
the  milk  house  or  bottling  room  when  convenient,  as  the  low  tempera- 
ture of  the  milk  would  permit  holding  it  without  danger  of  increasing 
the  bacteria. 

Sanitary  bottling  room. — Too  much  money  was  expended  for  a 
so-called  bottUng  room  which  was  insulated  and  provided  with  double 
windows  which  could  not  be  opened.  There  being  no  intake  for  fresh 
air  for  fear  of  contaminating  the  room,  when  the  ventilating  system 
did  not  work,  the  room  was  hot  and  damp.  It  is  only  necessary  to 
keep  a  room  closed  during  the  process  of  bottling,  hence  expensive 
insulation  and  double  windows  are  unnecessary.  An  ordinary  cement 
or  plastered  room,  kept  clean  and  with  the  floor  moistened  before 
bottling,  will  answer  all  purposes,  provided  the  milk  is  not  exposed  in 
the  room,  which  it  need  not  be. 

Bottling,-  The  bottles  into  which  the  milk  was  put  were  sterilized 
and  the  milk  was  bottled  as  quickly  as  possible;  the  fdled  bottles 
were  covered  with  crushed  ice  until  delivered  to  the  ccmsumers. 

Analyses  of 'product, — The  following  bacteria  counts  of  the  milk  sup- 
plied >)y  the  dairy  just  described  have  been  reported.  They  are  certi- 
fied to  by  Dr.  F.  F.  Wesbrook,  director  of  the  laboratories  of  the 
Minnesota  State  Board  of  Health,  and  A.  P.  McDaniel,  assistant  bac- 
teriologist. The  tests  were  made  with  milk  thirty-six  hours  old  taken 
from  deliver)^  wagons. 


Date. 


January  8 . . 
January  15 . 
January  20 . 
January  20 . 
January  29 . 
January  31 . 
February  10 
February  12 
February  17 
February  26 
February  26 
March  18.... 
March  23.... 
March  24.... 


Colonies. 


Per  c.  c. 

1,200 

800 
2,900 
2,900 
1,500 
1.600 

i,:ia) 

700 

1,800 

2,S<X) 

500 

(KX) 


Date. 


Colonies. 


Per  c.  c. 

Marrh  30 900 

April  ti 2,000 

.\prllH 700 

April  VA 4,000 

April  li> 1  1,200 

April2ii 145 

May  13 480 

May  2') 500 

May  2.-) 2, 100 

J  u  ne  2 1  570 

June  10 1  1,900 

June  MS '  420 

Jnn«2l 1,400 

J  une  23 850 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 
Bureau  of  Animal  Industry, 
Washington,  D.  C,  January  iS,  1908. 
Sm:  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  publication  as  a  bulletin  of  this  Bureau,  a  manuscript  entitled 
"Varieties  of  Cheese:  Descriptions  and  Analyses."     This  paper  was 
prepared  under  the  direction  of  the  chief  of  the  Dairy  Division  by 
C.  F.  Doane,  assistant  dairyman  in  that  division,  and  H.  W.  Lawson, 
of  the  Office  qf  Experiment  Stations. 

The  work  is  a  compilation  of  descriptions  and  analyses  of  all  the 
varieties  of  domestic  and  foreign  cheese  about  which  it  has  been 
possible  to  obtain  such  information  in  the  literature  bearing  upon 
the  subject.  In  a  nximber  of  cases  only  meager  details  could  be 
secured,  and  owing  to  the  size  of  the  work  the  descriptions  are  neces- 
sarily of  a  very  condensed  nature. 

Acknowledgment  is  made  of  the  courtesies  and  assistance  ex- 
tended by  the  Office  of  Experiment  Stations  in  the  preparation  of 
this  bulletin. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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VARIETIES  OF  CHEESE:  DESCRIPTIONS  AND  ANALYSES. 


INTRODUCTION. 

The  amount  of  cheese  importecl  into  the  United  States  is  increas- 
ing rapidly.  During  the  6  years  from  1900  to  1905,  inchisive,  the 
value  of  the  imports  increased  from  $1,946,033  to  $3,875,161.  Italy 
and  Switzerland  supplied  the  bulk  of  this  cheese,  most  of  the  re- 
mainder coming  from  France  and  Holland.  The  best  known  of  the 
varieties  of  cheese  imported  were  the  Parmesan  and  Gorgonzola 
from  Italy,  the  Emmental  from  Switzerland,  the  Roquefort,  Camem- 
bert,  and  Brie  from  France,  and  the  Edam  from  Holland.  The 
growing  demand  for  cheese  is  not,  however,  confined  to  these  well- 
known  varieties,  much  interest  being  manifested  in  many  kinds  as 
yet  of  very  little  commercial  importance  but  highly  esteemed  in  the 
localities  where  produced. 

Attempts  have  long  been  made  in  this  country  to  imitate  some  of 
the  European  varieties  and  in  some  instances  the  results  have  been 
decidedly  successful.  The  manufacture  of  Swiss,  or  Emmental,  and 
of  Limburg  types  has  become  well  established.  The  investigations 
conducted  at  the  Storrs  Agricultural  Experiment  Station  in  Con- 
necticut have  shown  that  cheese  of  the  Camembert  type,  equal  in 
every  way  to  the  imported  article,  may  be  produced  in  the  United 
States.  This  Department  is  cooperating  in  investigations  of  this 
kind  and  recently  results  have  been  obtained  which  make  it  prac- 
tically certain  that  a  cheese  of  the  nature  of  Roquefort  or  Stilton 
can  likewise  be  produced  in  this  country. 

Information  concerning  the  manufacture  and  composition  of  the 
numerous  varieties  of  cheese  is  not  very  accessible  to  English  readers 
and  the  apparent  need  of  some  work  of  reference,  in  connection  at 
least  with  the  importation  and  home  production  of  cheese,  has, 
therefore,  led  to  the  preparation  of  the  descriptive  notes  and  the 
compilation  of  the  analytical  data  contained  in  this  bulletin. 

The  descriptions  are,  for  the  most  part,  based  upon  data  contained 
in  treatises  on  dairying  and  in  articles  in  foreign  periodicals.  While 
in  many  instances  they  are  very  incomplete  and  possibly  at  times 
inaccurate,  they  nevertheless  contain  in  condensed  form  practically 
all  the  important  information  that  it  has  been  possible  to  secure  in 

5 


Digitized  by  V3OOQ IC 


b  INTBODUCTION. 

an  extended  search  through  the  literature  relating  in  any  way  to 
the  subject.  Owing  to  the  large  number  of  publications  consulted, 
it  has  seemed  impracticable  to  give  references  to  ]bhe  descriptive 
matter. 

The  analyses  have  been  compiled  in  most  instances  from  the  original 
publications.  In  all  cases,  however,  the  sources  of  the  data  have 
been  given  in  the  list  of  references  which  follows  the  table  of  analyses. 
No  effort  has  been  made  to  collect  the  numerous  analyses  of  filled 
cheese,  and  in  the  case  of  American  Cheddar  cheese  only  a  part  of 
the  available  data  has  been  included  in  the  compilation. 


Digitized  by  VjOOQIC 


DESCRIPTIONS  OF  VARIETIES  OF  CHEESE. 

ABERTAM. 

This  is  a  hard  rennet  cheese  made  from  sheep's  milk  in  the  region  of  Carlsbad, 
Bohemia. 

ALEMTBJO. 

This  name  is  applied  to  rather  soft  cheeses  made  in  the  province  of  Alemtejo,  Portu- 
gal. They  are  cylindrical  in  shape  and  are  made  in  three  sizes  averaging  in  weight 
about  2  ounces,  1  pound,  and  4  pounds,  respectively.  They  are  ma<le  for  the  most 
part  from  the  milk  of  sheep,  though  goat's  milk  is  often  added,  especially  for  the 
smaller  sizes.  The  milk  is  warmed  and  curdled  usually  with  an  extract  prepared 
from  the  flowers  of  a  kind  of  thistle.    The  cheeses  are  ripened  for  several  weeks. 

ALPIN. 

This  is  a  kind  of  Mont  d*Or  cheese  made  in  the  Alpine  regions  of  France.  It  is  also 
known  as  Cl6rimbert.  The  milk  is  coagulated  with  rennet  at  80^  F.  in  two  hours. 
The  curd  is  dipped  into  molds  3  to  4  inches  in  diameter  and  2}  inches  in  height.  The 
cheese  is  allowed  to  drain  and  is  turned  several  times  during  one  day,  after  which  it 
is  salted  and  ripened  for  eight  to  fifteen  days. 

ALTENBURQ. 

This  is  a  goat's-milk  cheese  made  in  Germany,  where  it  is  known  as  Altenburger 

Ziegenkase.    A  cheese  is  8  inches  in  diameter,  1  to  2  inches  in  thickness,  and  weighs 

about  2  pounds. 

AMBERT. 

This  cheese,  known  as  Founne  d'Ambert,  is  a  cylindrical-shaped  imitation  Roque- 
fort cheese  made  from  cow's  milk.  It  is  said  to  differ  from  other  forms  of  blue  or  imi- 
tation Roquefort  cheese  made  in  the  southeastern  part  of  France  in  that  the  salt  is 
mixed  with  the  curd  rather  than  rubbed  on  the  surface  of  the  cheese. 

ANCIEN  IMPERIAL. 

The  curd  is  prepared  in  the  same  manner  for  this  cheese  as  for  NeufchAtel.    The 

cheese  is  about  2  inches  square  and  one-half  inch  thick.     It  is  also  known  as  Petit 

Carr^and  when  ripened  as  Carr^  Affin^.     The  choose  is  sold  and  consumed  both  while 

fresh  and  after  ripening.    The  ripening  process  is  not  essentially  different  from  that 

of  Neufch&tel. 

APPENZELL. 

This  cheese,  which  is  very  similar  to  Emmental,  is  made  in  the  Canton  of  Appenzell, 

Switzerland,  and  also  in  Bavaria  and  Baden.    It  is  usually  made  of  skim  milk  but 

sometimes  of  whole  milk. 

BACKSTEIN. 

Backfltein,  meaning  brick,  is  so  called  from  its  shape,  but  it  is  not  identical  with  the 
Brick  cheese  made  in  the  United  States.  The  process  of  manufacture  is  similar  to 
that  of  Limburg. 
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8  VABIETIES  OF  CHEESE. 

BANBURY.* 

This  was  a  soft,  rich  cheese,  very  popular  in  England  in  the  early  part  of  the  nine- 
teenth century.     It  was  a  cylindrical  cheese  about  1  inch  thick. 

BARBBREY. 

This  is  a  soft  rennet  cheese  resembling  Camembert  and  deriving  its  name  from  the 
village  of  Barberey  near  Troyes,  France.  It  is  also  commonly  known  as  Fromage  de 
Troyes.  The  milk  while  still  fresh  and  warm  is  coagulated  with  rennet,  the  time 
allowed  being  usually  about  four  hours.  The  uncut  curd  is  put  into  a  wooden  mold 
having  a  perforated  bottom.  After  draining  for  three  hours  the  cheese  is  turned  into 
an  earthenware  mold,  the  wooden  one  being  removed  after  twenty-four  hours.  The 
cheeses  are  salted,  dried  in  a  well- ventilated  room,  and  ripened  for  about  three  weeks, 
usually  in  a  subterranean  curing  room.  In  summer  the  cheese  is  often  sold  without 
ripening.    A  cheese  is  5  to  6  inches  in  diameter  and  1^  inches  in  thickness. 

BATTLEMAT. 

This  is  an  Emmental  cheesia  made  in  the  Canton  of  Tessin,  Switzerland,  in  the 
western  part  of  Austria,  and  in  the  northern  part  of  Italy.  It  is  recommended  for 
localities  where  a  great  quantity  of  milk  can  not  be  obtained.  The  cheese  is  circular 
in  form,  about  16  inches  in  diameter  and  4  inches  high,  and  weighs  from  40  to  80 
pounds.  It  is  cooked  at  a  slightly  lower  temperature  than  the  Emmental  and  is  a 
little  softer  when  ripened.  It  ripens  more  rapidly  than  the  Emmental,  being  ready 
for  market  in  about  four  months. 

BAUDEN. 

Baudenkase  is  a  sour-milk  cheese  made  in  the  herders'  huts  in  the  mountains  be- 
tween Bohemia  and  Silesia  in  essentially  the  same  manner  as  Harzkase.  It  is  made 
up  in  two  forms,  one  conical  with  a  diameter  and  a  height  of  3}  inches,  and  the  other 
cylindrical,  with  a  diameter  of  5  inches  and  a  height  of  2)  inches.  It  is  also  known 
locally  as  Koppenkase. 

BELGIAN  COOKED. 

The  milk  which  has  been  allowed  to  curdle  spontaneously  is  skimmed  and  the  curd 
heated  to  135®  to  140°  F.  and  then  placed  in  a  cloth  and  allowed  to  drain.  When 
dry  it  is  thoroughly  kneaded  by  hand  and  is  allowed  to  undergo  fermentation,  which 
takes  ordinarily  from  ten  to  fourteen  days  in  winter  and  six  to  eight  days  in  summer. 
When  the  feriiientation  is  complete,  cream  and  salt  are  added  and  the  mixture  is  heated 
gently  and  stirred  until  homogeneous,  when  it  is  put  into  molds  and  allowed  to  ripen 
for  eight  days  longer.  A  cheese  ordinarily  weighs  about  3}  pounds.  It  is  not  essen- 
tially different  from  other  forms  of  cooked  cheese. 

BBLLELAY. 

This  is  a  soft  rennet  cheese  made  from  whole  milk  and  sometimes  called  T^te  de 
Moine,  and  Monk's  Head.  This  cheese  originated  with  the  monks  of  the  Canton  of 
Bern,  Switzerland,  in  the  fifteenth  century,  and  is  made  exclusively  in  that  locality 
at  the  present  time. 

The  sweet  milk  is  set  at  about  90**  F.  with  sufficient  rennet  to  coagulate  it  in  twenty 
to  thirty  minutes.  The  curd  is  cut  comparatively  fine  and  is  stirred  while  being 
heated  slowly  to  a  temperature  of  110°.  It  is  cooked  much  firmer  than  Limbuig 
and  not  so  firm  as  Emmental. 

When  cooked  the  curd  is  dipped  into  wooden  hoops  lined  with  cloth-.  The  cheeses 
are  pressed  in  rotation  for  a  few  minutes  at  a  time,  one  press  being  used  for  a  number 
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of  cheeses.  After  pressiDg,  the  cheeses  are  wrapped  in  bark  for  a  couple  of  weeks,  or 
until  they  are  firm  enough  to  require  no  support.  They  are  cured  in  a  moist  cellar 
at  a  comparatively  low  temperature,  as  it  is  not  desired  to  have  eyes  develop.  The 
cheese  when  ready  for  market  has  a  diameter  of  7  inches  and  weighs  from  9  to  15  pounds. 
It  ripens  in  about  twelve  months  and  will  keep  for  three  or  four  yeans.  It  has  a  soft, 
buttery  consistency  and  can  be  spread  on  bread  for  eating. 

BEROQUARA. 

This  is  a  Swedish  cheese  resembling  Gouda.  It  was  known  in  Sweden  in  the  eight- 
eenth centmry. 

BLEU. 

The  names  P&t^  Bleu  and  Fromage  Bleu  are  applied  to  several  kinds  of  hard  rennet 
cheese  made  from  cow's  milk  in  imitation  of  Roquefort  cheese  in  the  southeastern  part 
of  France.  Owing  to  the  mottled,  marbled,  or  veined  appearance  they  are  also  desig- 
nated Fromage  Persille.  Among  these  are  Gex,  Sassenage,  and  Septmoncel.  This 
name  is  also  applied  locally  to  several  more  or  less  distinct  kinds  made  in  the  regions 
of  the  Auvei^ne  and  Aubrac  mountains  and  designated  Bleu  d'Auvei^e,  Cantal, 
Guiole  or  Laguiole,  and  Saint  Floiu*.  Other  cheeses  of  this  order  mentioned  as  made 
in  France  are  Queyras,  Champol^n,  Sarraz,  and  Joumiac. 

BOUDANNB. 

This  is  a  French  cheese  made  from  cow's  milk.  The  milk,  either  whole  or  skimmed, 
is  heated  to  about  85**  F.,  sufficient  rennet  is  added  to  secure  coagulation  in  one  hour, 
and  the  curd  is  cut  to  the  size  of  peas,  stirred,  and  heated  to  100°  or  above.  After 
standing  for  ten  to  fifteen  minutes  the  curd  is  pressed  by  hand  and  put  into  molds  8 
inches  in  diameter  and  3  inches  in  height.  The  cheeses  are  drained,  turned  fre- 
quently, salted,  and  ripened  for  two  to  three  months. 

BOX  (FIRM). 

This  cheese,  known  in  different  localities  where  made  as  Hohenburg,  Mondsee,  and 
Weihenstephan,  is  made  from  whole  cow's  milk  and  is  a  rather  firm  rennet  cheese. 
The  flavor  is  said  to  be  mild  but  piquant.  The  milk  is  heated  to  90°  to  93**  F.  in  a 
kettle,  is  colored  with  saffron,  and  set  with  sufficient  rennet  to  curdle  it  in  twenty  to 
twenty-five  minutes.  The  curd  is  cut  up  as  fine  as  peas  and  the  contents  of  the  kettle 
are  heated  very  slowly  to  a  temperature  of  105°,  being  stirred  meanwhile.  The 
fire  is  then  removed  and  the  curd  allowed  to  settle  for  five  minutes,  when  the  whey 
is  dipped  off.  The  curd  is  then  dipped  into  a  cloth  and  from  this  is  scooped  into 
hoops.  Light  pressure  is  applied  and  in  fifteen  minutes  the  cheese  is  turned,  and  the 
turning  is  repeated  frequently  for  several  hours.  The  cheese  is  kept  in  a  well- venti- 
lated room  at  60°  for  three  to  five  days,  after  which  it  is  taken  to  the  cellar.  It  is 
salted  by  rubbing  or  sprinkling  salt  on  the  surface.  Ripening  requires  from  two  to 
three  months.  The  cheese  weighs  from  1  to  4  pounds,  and  is  imdoubtedly  similar  to 
the  Brick  cheese  of  the  United  States. 

BOX  (SOFT). 

This  is  a  rennet  cheese  made  from  partially  skimmed  cow's  milk  and  known  locally 
as  Schachtelkase.  It  is  a  rather  unimportant  variety  produced  in  Wiirttembei^  in  a 
small  locality  called  Hohenheim,  a  name  which  the  cheese  often  takes. 

In  making  this  cheese  the  skimmed  evening's  milk  is  mixed  with  the  whole  morn- 
ing's milk,  or  a  part  of  the  milk  is  skimmed  with  a  centrifuge  and  is  mixed  with  an 
equal  volume  of  whole  milk.  The  cheese  is  made  in  a  copper  kettle.  The  milk  is 
warmed  to  110^  F.,  colored  with  saffron,  and  rennet  added.  It  is  allowed  to  stand  for 
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one  to  one  and  one-half  houre  before  cutting.  The  curd  is  cut  into  rather  coarse  par- 
ticles, after  which  it  is  allowed  to  stand  for  a  few  minutes,  when  the  whey  is  dipped 
off,  and  for  every  200  pounds  of  milk  used  a  small  handful  of  caraway  seed  is  added. 
The  curd  is  then  dipped  into  hoops  GJ  inches  in  height  and  the  same  in  diameter.  It 
remains  in  these  hoops  for  ten  hours  and  is  frequently  turned,  after  which  it  is  trans- 
ferred to  a  wooden  hoop  only  one-half  as  high,  where  it  remains  for  twelve  hours.  The 
cheese  is  then  sprinkled  with  salt  and  put  in  the  ripening  cellar,  where  it  remains 
about  three  months. 

A  soft  rennet  cheese  known  as  Fromage  de  Botte  is  made  in  the  mountains  of  Doube, 
France,  in  the  fall.     It  resembles  Pont  TEv^que, 

BRA. 

This  cheese  is  made  by  nomads  in  the  region  of  Bra  in  Piedmont,  Italy.  It  is  a  hard 
rennet  cheese  weighing  about  12  pounds.  The  milk,  which  is  partly  skimmed,  is 
heated  to  about  90°  F.,  and  sufficient  rennet  is  added  to  coaguljite  it  in  thirty  to  forty 
minutes.  The  curd  is  cut  to  the  size  of  rice  grains  and  the  whey  removed  after  about 
one-half  of  an  hour.  The  curd  is  put  into  a  form  about  12  inches  in  diameter  and  3 
inches  in  height  and  subjected  to  pressure  for  twelve  to  twenty-four  hours.  It  is 
salted  by  immersion  in  brine  and  also  by  sprinkling  salt  on  the  surface.  The 
cheese  is  then  ripened. 

BRAND. 

This  is  a  German  hand  cheese  weighing  about  one- third  of  a  pound,  made  from  sour- 
milk  curd  cooked  at  a  little  higher  temperature  than  ordinarily  practiced.  The  curd 
is  salted  and  allowed  to  ferment  one  day.  It  is  then  mixed  with  butter,  pressed  into 
shape  and  dried,  and  finally  placed  in  kegs  to  ripen,  during  which  process  it  is  mois- 
tened occasionally  with  beer. 

BRICK. 

The  exact  derivation  of  this  name  is  not  known.  It  may  have  been  adopted  because 
of  the  shape,  or  because  of  the  fact  that  bricks  are  used  almost  exclusively  for  weight- 
ing down  the  press.  Brick  cheese  is  a  rennet  cheese  made  from  unskimmed  cow's 
milk,  and  is  purely  an  American  product.  In  characteristicaj  it  is  about  halfway 
between  Limburg  and  Emmental.  It  has  a  strong,  sweetish  taste,  a  sort  of  elastic 
texture,  and  many  small  round  eyes  or  holes.  It  is  made  about  10  by  6  by  3  inches 
in  size.  There  are  many  factories  making  this  product,  especially  in  southern 
Wisconsin. 

Perfectly  sweet  milk  is  set  in  a  vat  at  86°  F.  with  sufficient  rennet  to  coagulate  it  in 
twenty  to  thirty  minutes.  The  curd  is  cut  with  Cheddar  curd  knives,  and  is  then 
heated  to  110°  to  120°  and  stirred  constantly.  The  cooking  is  continued  until  the 
curd  has  become  finn  enough  so  that  a  handful  squeezed  together  will  fall  apart  when 
released.  The  curd  is  then  dipped  into  the  mold,  which  is  a  heavy  rectangular  l)OX 
without  a  bottom  and  with  slits  sawed  in  the  sides  to  allow  drainage.  The  mold  is 
set  on  the  draining  table,  a  follower  is  put  on  the  curd,  and  1  or  2  bricks  are  used  on 
each  cheese  for  pressure.  The  cheeses  are  allowed  to  remain  in  the  molds  for  twenty- 
four  hours,  when  they  are  removed,  rubbed  all  over  with  salt,  and  piled  three  deep. 
The  salting  is  done  each  day  for  three  days,  after  which  the  cheese  is  taken  to  the 
riper ing  cellar,  which  should  have  a  temperature  of  from  60°  to  65°  and  be  compara- 
tively moist.     Ripening  requires  two  months. 

BRICKBAT. 

This  is  a  rennet  cheese  made  as  early  as  the  eighteenth  century  in  Wiltshire,  Eng- 
land. It  is  made  from  fresh  milk,  to  which  a  small  portion  of  cream  has  been  addini. 
The  milk  is  set  at  about  90°  F.  and  allowed  to  stand  two  hours  before  the  curd  is 
disturbed.  The  curd  is  cut  coarse,  dipped  into  wooden  forms,  and  light  pressure 
applied.    The  cheese  is  said  to  be  fit  for  consumption  for  one  year  after  being  made. 
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BRIE. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk.  The  cheese  varies  in  size  and 
also  in  quality,  depending  on  whether  whole  or  partly  skimmed  milk  is  used.  The 
method  of  manufacture  closely  resembles  that  of  Camembert. 

This  cheese  has  been  made  in  France  for  several  centuries.  Mention  was  made  of 
it  as  early  as  1407.  It  is  made  throughout  France,  but  more  extensively  in  the  Depart- 
ment of  Seine  et  Marne,  in  which  it  doubtless  originated.  This  Department  contains 
Meaux,  Coulommiers,  and  Melun,  places  noted  for  their  manufacture  of  Brie  cheese, 
though  often  under  local  names.  More  or  less  successful  imitations  of  this  cheese  are 
made  in  other  countries.  It  was  estimated  that  7,000,000  pounds  of  Brie  cheese  was 
sold  in  Paris  during  1900.    The  export  trade  is  also  very  important. 

The  milk  used  is  usually  perfectly  fresh.  It  is  not  uncommon,  however,  to  mix  the 
evening's  milk,  when  kept  cool  over  night,  with  the  morning  s  milk.  Some  artificial 
coloring  matter  is  added  to  the  milk,  which  is  then  set  with  rennet  at  a  temperature 
of  80°  to  85**  F.  After  standing  undisturbed  for  about  two  hours  the  curd  is  dipped 
into  forms  or  hoops,  of  which  there  are  three  sizes  in  common  use.  The  lai^st  size  is 
about  15  inches  in  diameter,  the  medium  size  about  12  inches  in  diameter,  and  the 
smallest  size  about  6  inches  in  diameter.  These  vary  in  height  from  2  to  3  inches. 
After  draining  for  twenty-four  hours  without  pressure  being  applied,  the  hoops  are 
removed  and  the  surface  of  the  cheese  is  sprinkled  with  salt.  Charcoal  is  sometimes 
mixed  with  the  salt  used.  The  cheese  is  then  transferred  to  the  first  curing  room, 
which  is  kept  dry  and  well  ventilated.  After  remaining  in  this  room  for  about  eight 
days,  the  cheese  becomes  covered  with  mold.  It  is  then  transferred  to  tlie  second 
curing  room  or  cellar,  which  is  usually  very  dark,  imperfectly  ventilated,  and  has  a 
temperature  of  about  60°  F.  The  cheese  remains  here  for  from  two  to  four  weeks  or 
until  the  consistency  and  odor  indicate  that  it  is  sufficiently  ripened.  The  red  colora- 
tion which  the  surface  of  the  cheese  finally  acquires  has  been  attributed  to  an  organism 
designated  Bacillus  firmatatis.  The  ripening  is  due  to  one  or  more  species  of  molds 
which  occur  on  the  surface  and  produce  enzyms  which  in  turn  cause  a  gradual  and 
progressive  breaking  down  of  the  casein  from  the  exterior  toward  tlie  center.  The 
interior  of  a  ripened  cheese  varies  in  consistency  from  waxy  to  semiliquid  and  has  a 
very  pronounced  odor  and  a  sharp  characteristic  taste. 

BRINSEN. 

This  cheese,  known  locally  as  Laadoch,  Zips,  Liptau,  Sicbenbiirgen,  Neusohl,  Alt- 
sohl,  and  Klencz,  is  made  in  the  Carpathian  Mountains  of  Silesia  frum  sheep's  milk, 
or  a  mixture  of  sheep's  and  goat's  milk. 

The  cheese  is  made  in  small  lots,  only  2  to  4  gallons  of  milk  being  used  at  one  time. 
This  is  put  into  a  kettle  when  fresh  and  sufficient  rennet  is  added  with  the  milk  at  a 
temperature  of  from  75°  to  85°  F.  to  secure  coagulation  in  fifteen  minutes.  The  curd 
is  broken  up  and  the  whey  dipped  and  the  curd  is  placed  in  a  linen  sack  and  allowed 
to  drain  for  twenty-four  hours.  It  is  then  cut  into  pieces  and  placed  on  a  board,  where 
with  frequent  turnings  it  is  allowed  to  remain  until  it  commences  to  get  smeary,  which 
requires  about  eight  days.  The  pieces  are  then  laid  one  on  top  of  another  in  a  vessel 
holding  from  40  to  60  pounds,  where  they  remain  for  twenty-four  hours,  after  which 
they  are  removed,  the  rind  cut  away,  and  the  curd  or  partially  cured  cheese  broken  up 
in  another  vessel.  After  ten  hours  salt  is  stirred  in  and  the  curd  run  through  a  mill 
which  cuts  it  very  fine,  when  it  is  packed  in  a  tub  with  beech  sliavings. 

BROCCIO. 

This  is  a  sour-milk  cheese  made  from  sheep's  milk  in  Corsica.  It  is  sometimes  mixed 
with  sugar  and  rum  and  made  into  small  cakes.    It  is  similar  to  Ziger. 
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BURGUNDY. 

This  cheese,  known  in  France  as  Fromage  de  Bourgogne,  is  described  as  a  soft,  white, 
loaf-shaped  cheese  weighing  about  4  pounds. 

XACIOCAVALLO. 

This  is  a  somewhat  peculiar  kind  of  cheese  made  fn)m  either  whole  or  partly  skimmed 
cow's  milk.  Various  explanations  have  been  made  as  to  the  origin  of  the  name,  which 
means  literally  horse  cheese.  One  explanation  offered  is  that  the  cheese  was  originally 
made  in  the  region  of  Monte  Cavallo,  and  another  is  that  the  imprint  of  a  horse's 
head  was  made  in  each  cheese  as  the  trade-mark  of  the  original  manufacturer.  The 
original  home  of  this  cheese  was  southern  Italy,  but  it  is  now  made  extensively  in 
northern  Italy  as  well.     The  history  of  the  cheese  dates  back  several  centuries. 

The  temperature  of  the  coagulation  of  the  milk  with  rennet  varies  greatly  but  ia 
usually  from  90°  to  95°  F.  The  time  allowed  for  coagulation  is  also  variable,  being 
usually  about  one-half  hour.  The  curd  is  cut  very  finely  and  sometimes  allowed  to 
ferment  for  twenty-four  hours,  when  it  is  heated  by  means  of  very  hot  water,  or  more 
commonly  hot  whey,  and  subsequently  worked  by  hand  until  all  the  whey  is  expressed 
and  the  curd  becomes  homogeneous  and  capable  of  being  drawn  out  into  long  threads. 
It  is  then  molded  into  any  desired  shape  and  salted  by  immersion  in  brine  for  about 
two  days.  The  cheeses  are  suspended  in  pairs. from  the  ceiling  and  lightly  smoked. 
The  surface  may  be  rubbe^l  with  olive  oil  or  butter.  They  are  kept  in  a  cool,  dry 
room  until  sold.  As  seen  on  the  market  they  vary  much  in  size  and  shape.  On  an 
average  they  weigh  about  3  pounds.  The  most  common  shape  is  that  resembling  a 
beet,  a  constriction  near  the  top  being  due  to  the  si  ring  which  is  tied  around  the  cheese 
for  the  purpose  of  hanging  it  up.  This  chei^se  is  sometimes  eaten  while  comparatively 
fresh, but  is  more  frectuently  kei)t  for  months  and  then  grated  and  used  for  fteivoring 
soups  and  as  an  addition  to  macaroni  and  similar  foods.  A  small  quantity  is  imported 
into  the  United  Sutes. 

CAERPHILLY. 

This  is  a  hard  rennet  cheese  made  in  Wales  from  unskimmed  cow's  milk.  The  milk 
is  set  very  sweet  at  a  temperature  ol  85°  F.  with  enough  rennet  to  coagulate  it  in  one 
hour.  The  curd  is  cut  in  J-inch  culxjs  and  stirred  for  one  hour  without  further  heating. 
It  is  then  put  in  cloths  and  subjected  to  light  pressure  for  an  hour  and  is  again  broken 
up  fine  and  put  to  press,  where  it  remains  with  daily  changing  for  three  days.  During 
this  time  one-half  ounce  salt  to  each  p<jund  of  curd  is  rubbed  on  the  surface.  Each 
cheese  weighs  about  8  pounds.  The  cheese  requires  about  three  weeks  for  ripening, 
at  a  temperature  of  G5  to  70°. 

CAMBRIDGE. 

This  is  a  soft  rennet  English  cheese  made  from  cow's  milk.  Milk  is  set  at  90°  F.  and 
rennet  added.  At  the  end  of  one  hour  the  curd  is  dipped  into  molds  without  cutting 
and  allowed  to  stand  for  thirty  hours,  when  it  is  ready  for  eating. 

CAMEMBERT. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk.  A  typical  cheese  is  about  4 1 
inches  in  diameter  and  IJ  inches  thick  and  is  usually  found  on  the  market  in  this 
country  wrapped  in  paper  and  inclosed  in  a  wooden  box  of  the  same  shape.  The 
cheese  usually  has  a  rind  about  one-eighth  of  an  inch  in  thickness  which  is  composed 
of  molds  and  dried  cheese.  The  interior  is  yellowish  in  color  and  waxy ^^ creamy,  or 
almost  fluid  in  consistency,  depending  largely  upon  the  d^ree  of  ripeness. 

Camembert  cheese  is  said  to  have  originated  in  1791  in  the  locality  from  which  it 
derives  its  name  in  the  Department  of  Orne,  in  the  northwestern  part  of  France.     The 
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industry  extended  soon  into  Calvados,  and  these  two  Departments  are  still  the  prin- 
cipal seat  of  the  industry.  Cheese  of  the  same  type,  however,  is  made  in  other  parts  of 
France  and  also  in  other  countries;  among  these  are  Compi^gne,  Contentin,  Pavilion, 
Soumain train,  and  Thury-en-Valois.  Very  successful  results  have  been  obtained  at 
the  Storrs  Agricultural  Experiment  Station  in  Connecticut. 

Cameml>ert  cheese  is  made  from  whole  fresh  milk  or  from  milk  which  has  been 
partly  skimmed.  The  evening's  milk  may  be  skimmed  and  mixed  with  the  fresh 
morning's  mUk.  The  temperature  of  setting  is  about  80**  to  85**  F.,  and  the  quantity 
of  rennet  added  for  this  purpose  is  sufficient  to  secure  the  desired  degree  of  firmness  in 
about  two  hours.  The  curd  is  then  transferred,  usually  with  as  little  breaking  up  as 
possible,  to  perforated  tin  forms  or  hoops  alwut  4\  inches  in  diam'eter  and  the  same 
in  height.  These  rest  upon  rush  mats  which  permit  free  drainage.  The  filling  of  the 
forms  may  be  done  at  two  or  three  times  separatecl  by  short  intervals  allowed  for  the 
curd  to  settle.  Each  form  holds  the  equivalent  in  curd  of  alwut  2  quarts  of  milk. 
After  draining  for  about  eighteen  hours,  and  preferably  in  a  rcxira  having  a  uniform 
temperature  of  G6°  to  70**,  the  cheese  is  tume<l.  This  is  repeated  frequently  for  about 
two  days,  when  the  chc»ese  is  remov(Mi  from  the  fonns  and  salted  on  the  outside.  Two 
or  three  days  later  the  cheese  is  transferred  t*)  a  well- ventilated  room  where  the  ripen- 
ing process  begins.  The  cheese  remains  here  for  fifteerf  to  twenty  days,  during  which 
time  it  is  turned  very  frequently  and  the  surface  becomes  covered  with  molds,  which 
gradually  produce  a  breaking  down  of  the  casein.  It  is  then  taken  to  the  curing 
cellar,  where  the  ripening  process  is  completed  in  al)out  three  weeks,  when  it  is  packed 
and  marketed. 

CANQUILLOTE. 

This  is  a  skim-milk  cheese  made  in  the  eastern  part  of  France.  It  is  also  known 
locally  as  Fromagfere,  and  Temp^te.  The  milk  is  allowed  to  coagulate  spontaneously, 
after  which  it  is  heated  gently  and  the  whey  drawn  off.  The  curd  is  prt^ssed  in  order 
to  remove  as  much  of  the  whey  as  possible,  crumbled  fine,  and  fermented  at  a  temper- 
ature of  about  70**  F.  for  two  or  three  days,  during  which  time  it  is  stirred  frequently. 
When  the  cheese  has  acquired  its  characteristic  taste  it  is  melted  with  the  addition  of 
water,  salt,  eggs,  and  butter  and  put  into  molds  of  various  kinds. 

CANTAL. 

This  is  a  hard  rennet  cheese  made  from  cow's  milk  more  or  less  skimmed.  Its 
manufacture  is  extensive  in  the  Department  of  Cantal,  France.  It  is  also  known  as 
Auvergne  or  Auvergne  Blue  on  account  of  its  being  manufactured  in  the  region  of  the 
Auvergne  Mountains.  Locally  the  cheese  is  commonly  known  as  Fourme.  The 
cheese  is  doubtless  a  very  old  variety  and  the  method  of  manufacture  has  remained 
quite  primitive.  The  milk,  usually  fresh  but  sometimes  several  hours  old,  is  set  with 
rennet  at  a  temperature  of  about  85°  F.,  the  time  allowed  for  coagulation  being  about 
thirty  minutes.  The  curd  is  then  cut  very  finely  and  the  whey  dipped  off.  The  curd 
is  subjected  to  pressure  in  order  to  remove  as  much  of  the  whey  as  possible,  and  is 
allowed  to  ferment  for  twenty-four  hours,  which  process  is  considered  very  important. 
The  curd  is  then  broken  up  by  hand  or  by  machinery  and  salted  at  the  rat«  of  2.5  to  3 
per  cent.  When  thoroughly  kneaded  it  is  put  into  hoops  about  14  inches  in  diameter. 
Pressure  is  applied  for  about  two  days,  during  which  time  it  is  turned  very  frequently. 
The  cheese  is  next  transferred  to  the  curing  cellar,  where  it  remains  for  six  weeks  to 
six  months.  The  yield  of  cheese  is  usually  10  to  11  per  cent  of  the  weight  of  the  milk. 
A  ripened  cheese  weighs  from  40  to  120  pounds. 

CHAMPOL^ON. 

Champol^n,  or  Queyras,  is  a  hard  rennet  cheese  made  from  skim  milk  in  the 
Department  of  Hautes-Alpes,  France. 
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CHAOURCE. 

This  is  a  soft  whole-milk  rennet  cheese  resembling  Oamembert  and  deriving  its 
name  from  the  village  of  Chaource,  in  the  Department  of  Aube,  France.  It  is  about 
4  inches  in  diameter  and  3  inches  thick. 

chaschOl  de  chaschosis. 

This  cheese  is  made  in  the  Canton  of  Grisons,  Switzerland.     It  is  a  hard  rennet 
'  cheese  made  from  skimmed  cow's  milk.     The  cheeses  are  18  to  22  inches  in  diameter, 
3  to  4  inches  high,  and  weigh  from  22  to  40  pounds. 

CHEDDAR. 

This  cheese  is  so  named  from  the  village  of  Cheddar  in  Somersetshire,  England, 
where  it  was  first  made.  It  is  a  comparatively  old  cheese,  though  the  genuine 
Cheddar  process  as  it  is  now  known  is  not  old.  Cheddar  cheese  is  an  exceedingly 
popular  vari(^ty,  being  much  used  as  a  food  product  in  America  and  England.  It  is 
probably  the  most  important  of  all  cheeses  as  regards  the  quantity  made  annually. 
Th(»  tenn  Cheddar  as  used  at  the  present  time  applies  usually  to  a  process  of  making 
rather  than  to  any  particular  shape  of  cheese.  The  name,  however,  is  occasionally 
used  to  designate  a  certain  size  of  cheese  14  to  16  inches  in  diameter,  and  weighing 
from  60  to  100  pounds.  ChcH^se  made  by  the  Cheddar  process  has,  however,  many 
different  shapes  with  distinguishing  names,  such  as  Flats,  which  have  the  same 
diameter  as  the  Cheddar  size  but  weigh  only  30  to  40  pounds;  Daisies,  which  are  12 
inches  in  diameter  and  weigh  20  pounds;  Young  Americas,  which  are  8  incites  in 
diameter  and  weigh  8  to  12  pounds;  Ix)ng  Horns,  which  are  5  inches  in  diameter 
and  weigh  12  pounds;  and  Squares,  which  are  of  various  sizes  and  usually  3  to  4 
inch<»s  thick.  The  cheese  may  be  white  or  colored  yellow,  and  it  may  be  almost 
fresh  or  thoroughly  ripened  and  broken  down.  It  is  made  from  sweet  cow's  milk, 
which  may  be  skimmed,  partly  skimmed,  or  unskinmicd.  WTien  matie  from  un- 
skimmed milk  the  cheese  is  called  "full  crc»am;"  when  otherwise,  it  is  called  "part 
skim"  or  "skim." 

The  milk,  morning's  and  evening's  mixed,  is  set  at  85°  F.  with  sufficient  rennet  to 
coagulate  to  the  proper  point  in  from  twenty-five  to  forty  minutes.  At  the  time  of 
setting  the  milk  should  have  an  acidity  of  about  0.18  to  0.20  per  cent.  Color  may 
or  may  not  be  used.  The  curd  is  cut  when  it  breaks  evenly  before  the  finger.  The 
cutting  is  done  with  curd  knives.  These  knives  are  made  up  of  blades  set  about 
one-third  of  an  inch  apart  in  frames.  In  one  frame  the  knives  are  set  perpendicularly 
and  in  the  other  horizontally.  When  well  cut  the  curd  is  in  uniform  cubes  of  about 
one-third  of  an  inch. 

After  cutting  the  curd  is  heated  slowly  and  with  continued  stirring  until  it  reaches 
a  temperature  of  from  96°  to  108°.  With  the  use  of  mechanical  agitators,  as  is  the 
common  practice,  the  curd  should  be  heated  about  4  degrees  higher  than  when  stirring 
is  done  by  hand.  After  heating  the  stirring  is  continued  intermittently  until  the 
curd  is  sufficiently  finn.  This  is  detennined  by  squeezing  a  handful,  which  should 
fall  apart  immediately  on  being  released.  The  whey  Is  then  drawn.  At  the  same 
time  the  acid  should  have  reached  about  0.20  per  cent  or  one-fourth  of  an  inch  on  the 
hot  iron,  which  latter  is  determined  by  measuring  the  length  of  strings  when  the 
curd  is  touched  to  a  hot  iron.  The  curd  is  then  matted  about  4  inches  deep,  some- 
times in  the  bottom  of  the  vat,  sometimes  on  racks  covered  with  a  coarse  linen  clothT 
After  it  has  remained  here  long  enough  to  stick  together  it  is  cut  into  rectangular 
pieces  easy  to  handle,  which  are  turned  frequently  and  finally  piled  two  to  four 
deep;  in  the  meanwhile  the  temperature  of  the  curd  is  kept  at  about  90°.  When 
the  curd  has  broken  down  until  it  has  the  smooth  feeling  of  velvet,  which  requires 
from  one  to  three  hours,  it  is  milled  by  means  of  a  machine,  which  cuts  it  into  pieces 
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the  size  of  a  finger.  It  is  then  stirred  on  the  bottom  of  the  vat  nntil  whey  ceases  to 
run,  which  requires  from  one-half  to  one  and  one-half  hours,  when  it  is  salted  at  the 
rate  of  2  to  2}  pounds  of  salt  to  100  pounds  of  milk.  It  is  then  ready  to  put  in  press. 
The  curd  is  put  into  tinned  iron  hoops  of  the  proper  size,  which  are  lined  with 
cheese-cloth  bandages.  The  hoops  are  put  in  presses  and  great  pressure  is  applied 
by  means  of  screws.  The  next  morning  the  cheese  is  removed  from  the  hoops  and 
put  on  shelves  in  a  curing  room.  Formerly  the  cheese  was  kept  in  a  curing  room  as 
long  ss  six  months,  but  at  the  present  time  it  is  covered  with  a  coat  of  parafhn  and 
put  in  cold  storage  when  three  to  twelve  days  of  age.  There  is  a  growing  demand 
on  the  part  of  consumers  for  mild  cheese,  and  consequently  ripening  must  be  carried 
on  at  a  temperature  below  50°.    ' 

An  important  point  in  the  process  of  manufacturing  Cheddar  cheese  is  the  develop- 
ment of  the  desired  amount  of  acid.  A  maximum  quantity  in  the  whey  that  can 
be  developed  without  injuring  the  texture  of  the  cheese  is  aimed  at,  and  the  proper 
breaking  down  of  the  curd  before  milling  and  salting  is  attributed  to  the  acid.  It 
is  very  probable  that  too  much  weight  has  been  placed  on  the  desirability  of  a  maxi- 
mum development  of  acid,  and  that  practically  as  good  cheese  can  be  produced 
without  the  high  acid. 

CHESHIRE. 

This  cheese  is  one  of  the  oldest  and  most  popular  of  the  English  varieties.  It  is  a 
rennet  cheese  made  from  unskimmed  cow's  milk,  and  is  named  for  Chester  County, 
England,  where  it  is  laigely  produced.  It  is  made  in  cylindrical  shape  from  14  to  16 
inches  in  diameter,  and  weighs  50  to  70  pounds.  In  making  this  cheese  sufficient 
annatto  is  used  to  give  the  product  a  very  high  color.  The  process  of  manufacture 
varies  in  detail  in  different  sections.  Perfectly  sweet  milk,  night's  and  morning's 
mixed,  is  set  at  a  temperature  of  from  75**  to  90°  F.  The  curd  is  cut  in  one  hour, 
usually  with  an  instrument  in  which  knives  are  set  in  a  frame  to  cut  cubes  1  to  1} 
inches  square.  This  is  pushed  down  through  the  curd  and  finally  worked  back  and 
forth  at  an  angle.  This  is  continued  until  the  particles  of  curd  are  the  size  of  peas, 
which  requires  about  one  hour.  The  curd  is  then  allowed  to  settle  and  mat  on  the 
bottom  of  the  vat  for  about  an  hour,  when  it  is  rolled  up  to  one  end,  weighted  down, 
and  the  whey  drawn  after  the  desired  degree  of  acidity  has  been  obtained.  The  curd 
is  cut  in  pieces  the  right  size  to  handle  and  is  piled  on  racks.  It  is  then  run  through 
a  curd  mill,  salted  at  the  rate  of  3  pounds  to  1,000  pounds  of  milk,  and  put  into  a 
hoop  having  a  number  of  holes  in  the  side  through  which  skewers  can  be  thrust  into 
the  cheese  to  promote  drainage.  The  cheese  in  the  hoop  is  put  in  a  heated  wooden 
box  called  an  oven,  and  sometimes  light  pressure  is  applied,  the  pressure  increasing 
gradually  until  it  reaches  about  1  ton.  The  curing  cellar  or  room  is  about  60°  to  65°. 
From  eight  to  ten  months  is  required  for  thorough  ripening. 

CHESHIRE-STILTON. 

This  is  a  combination  of  the  Cheshire  and  Stilton  varieties  of  cheese  in  which  the 
general  characteristics  of  size  and  shape  and  manufacture  of  the  Cheshire  is  retained, 
and  a  growth  of  the  mold  peculiar  to  Stilton  is  secured.  The  mold  is  secured  by 
keeping  out  each  day  a  small  portion  of  curd  and  mixing  it  with  some  curd  in  which 
the  mold  is  growing  well. 

CHIAVARI. 

This  is  a  soiur-milk  cheese  made  in  the  region  of  Chiavari,  Italy,  from  whole  cows' 
milk.  It  is  also  known  as  Cacio  Romano.  A  hard  rennet  cheese  made  in  the  same 
region  is  also  known  by  this  name. 
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COMMISSION. 

This  cheese  is  made  in  Holland  and  resembles  Edam  in  the  process  of  manufacture, 
but  it  has  a  slightly  different  shape,  being  flattened  at  the  ends.  It  is  said  to  be  made 
from  whole  cow's  milk. 

COTHERSTONE. 

This  is  a  rennet  cowVmilk  cheese  made  in  Yorkshire,  England,  and  resembles  the 
well  known  Stilton  cheese  of  that  country.  It  is  a  local  product  manufactured  only 
on  a  small  scale.    It  has  also  been  known  as  Yorkshire-Stilton. 

COOKED. 

This  kind  of  cheese  is  so  called  because  the  curd  is  heated  to  the  melting  point  in 
its  manufacture.  It  is  made  from  fresh  curd  prepared  by  breaking  up  and  heating 
the  curd  of  sour  clabbered  milk.  When  cooled  sufficiently  this  curd  is  placed  in  a 
receptacle  and  allowed  to  stand  for  three  or  four  days  until  it  has  become  colored 
throughout.  It  is  then  put  into  a  kettle  over  a  fire;  salt,  milk,  and  usually  caraway 
seed  are  added,  and  the  whole  is  stirred  vigorously  until  it  becomes  of  the  consistency 
of  thick  molasses,  or  until  it  strings  when  a  spoon  is  withdrawn.  The  mass  can  then 
be  put  into  molds  until  it  becomes  cold,  or  placed  in  a  vessel  for  keeping.  It  gets 
hard  with  cooling  and  will  retain  the  shape  of  the  mold. 

Cooked  cheese,  made  in  northern  Germany,  is  called  Topfen,  and  a  similar  product 
made  in  Sardinia  is  called  Freisa,  and  Paneddas.  The  same  kind  of  cheese  made  in 
Belgium  is  called  Belgian  cooked  cheese.    Similar  kinds  are  made  in  other  countries. 

COTTAGE. 

This  is  a  Bour-mUk  cheese  made  extensively  in  this  country,  where  it  is  often  called 
Dutch  cheese,  and  Smear-case.  It  is  manufactured  usually  in  a  very  small  way, 
but  occasionally  it  is  made  in  large  factories.  Skim  milk  is  allowed  to  sour  and  the 
curd  is  then  broken  up  and  held  at  a  temperature  of  about  KXy  F.  for  three  to  four 
hours,  or  until  It  has  become  sufficiently  firm.  The  whey  is  then  drained  off  and  the 
curd  placed  under  slight  pressure  for  a  time.  The  curd  is  either  consumed  imme- 
diately or  is  packed  in  tubs  and  placed  in  cold  storage.  It  is  prepared  for  eating  by 
moistening  with  either  milk  or  cream.  Sometimes  it  is  made  up  into  shapes  and 
wrapped  in  tin  foil.     No  ripening  is  ever  allowed. 

COULOMMIERS. 

This  is  a  small-sized  Brie  cheese  5  to  6  inches  in  diameter  and  1  inch  in  thickneas, 
and  weighing  about  1  pound.     It  is  made  in  the  region  of  Coulommiers,  France. 

CREAM. 

Genuine  cream  cheese  is  made  from  a  rich  cream  thickened  by  souring,  or  from 
sweet  cream  thickened  with  rennet.  This  is  put  in  a  cloth  and  allowed  to  drain,  the 
cloth  being  changed  several  times  during  the  draining,  which  requires  about  four  days. 
It  is  then  placed  on  a  board  covered  with  a  cloth,  sprinkled  with  salt,  and  turned 
occasionally.     It  is  ready  for  consumption  in  from  five  to  ten  days. 

Another  variety  of  cream  cheese  is  made  from  cream  with  a  low  content  of  fat  (12  to 
15  per  cent).  The  cream  is  curdled  with  rennet,  broken  up  to  allow  a  part  of  the 
whey  to  escape,  and  is  then  mixed  and  worked  into  almost  a  paste.  Tliis  is  then 
molded  into  pieces  weighing  2  to  4  ounces,  which  are  wrapped  in  tin  foil  and  placed 
on  the  market  without  ciuing.  It  is  a  very  mild  and  a  very  rich  cheese  and  is  manu- 
factured on  an  extensive  scale  by  a  few  large  factories  in  the  United  States. 

A  so-called  double-cream  cheese,  known  in  France  as  Fromage  Double  Cr^me,  is 
made  by  coagulating  a  mixture  of  milk  and  cream  and  putting  this  into  a  cloth  and 
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allowing  it  to  drain  thoroughly,  when  it  is  salted,  kneaded,  and  molded  into  any 
deeired  shape.    It  is  eaten  fredi.    The  Gervais  is  a  cheese  of  this  kind. 

A  French  cream  cheese,  Fromi^  k  la  Crtoe,  is  prepared  by  mixing  sweet  cieam 
with  well-ripened  sour-milk  curd  or  rennet  curd.  Another  French  cream  cheese, 
which  contains  considerable  salt  as  a  preservative,  is  known  as  Demi-sel.  There  are 
in  addition  several  cream  cheeses  having  specific  names,  such  as  Philadelphia  cream. 

CREUSE. 

This  is  a  skim-milk  farm  cheese  made  in  the  Department  of  the  same  name  in 
France.  Coagulation  is  secured  either  by  the  addition  of  a  small  quantity  of  rennet 
or  by  heating  the  sour  milk.  When  set  with  rennet  the  period  required  is  usually 
twelve  hours.  The  curd  is  put  into  earthenware  molds  about  7  inches  in  diameter 
and  5  to  6  inches  in  height,  the  bottom  and  sides  being  perforated.  After  draining  for 
several  days  the  cheese  is  removed  from  the  molds,  salted,  and  turned  frequently. 
It  becomes  in  time  very  dry  and  hard  and  may  be  preserved  for  a  year  or  longer.  The 
cheese  is  also  ripened  by  placing  in  tightly  closed  receptacles  lined  with  straw,  in 
which  case  it  becomes  yellow  and  soft  and  acquires  a  very  pronounced  taste. 

CRISTALINNA. 

This  a  hard  rennet  cheese  made  from  cow's  milk  in  the  Canton  of  GraubQnden, 
Switzerland. 

DAMEN. 

This  is  a  soft  uncured  rennet  cheese  made  from  cow's  milk  in  Hungary  and  is  much 
in  demand  in  the  markets  of  Vienna.    It  is  sometimes  known  as  Gloire  des  Montagues. 

DANISH  EXPORT. 

This  cheese  is  made  in  some  of  the  creameries  of  Denmark  to  furnish  an  outlet  for 
the  skim  milk  and  the  buttermilk.  In  the  process  of  manufacture  as  high  as  15  per 
cent  of  fresh  buttermilk  is  added  to  the  skim  milk.  The  mixture  is  set  at  98°  F.  with 
sufficient  rennet  to  coagulate  in  twenty-five  minutes.  The  ciud  is  carefully  and 
evenly  cut,  stirred  for  a  few  minutes,  dipped  into  forms  having  rounded  bottoms, 
kneaded,  pressed  down,  and  finally  covered  with  a  board  upon  which  a. weight  is 
placed.  Twelve  hours  later  the  cheeses  are  placed  in  a  brine  tank  for  twenty-four 
hours,  when  they  are  taken  out  and  covered  with  salt  for  a  short  time.  They  are  then 
transferred  to  the  ripening  room  where  the  temperature  is  about  55°  and  are  turned 
and  wiped  with  a  cloth  every  day  for  five  weeks.  The  cheeses  are  cylindrical  in  shape 
and  are  small  and  flat. 

DERBYSHIRE. 

This  is  a  hard  rennet  cheese  made  from  whole  cow's  milk  in  Derbyshire,  England. 
It  is  cylindrical  in  shape  and  about  the  size  of  the  Cheshire,  though  often  smaller.  It 
is  made  usually  in  &rm  dairies,  and  because  of  this  hct  the  size  varies  with  the  size 
of  the  herd.  The  quality  also  varies  to  such  an  extent  that  very  few  really  good 
cheeses  can  be  found.  Night's  milk  in  which,  the  development  of  acid  has  been 
prevented  as  much  as  possible  is  mixed  with  the  morning's  milk  and  the  whole  is  set 
at  a  temperature  of  80°  F.  The  setting  period  is  one  hour  and  the  curd  is  allowed  to 
become  very  firm  before  cutting.  The  curd  is  cut  to  the  size  of  a  pea  and  after  being 
allowed  to  settle  is  piled  in  the  center  of  the  vat,  where  after  the  whey  is  removed  it  is 
subjected  to  light  pressure.  The  curd  is  cut  and  again  piled  and  heavier  pressure 
applied.  This  is  repeated  until  the  curd  reaches  a  certain  degree  of  firmness,  when  it 
is  run  through  a  mill  and  salted  at  the  rate  of  1  pound  of  salt  to  1,000  pounds  of  milk. 
It  is  then  put  in  a  press  for  one  hour,  when  it  is  removed  and  the  sur&u^e  of  the  cheese 
scalded  for  one  minute  in  water  heated  to  150°.    It  is  put  back  in  the  press  for  five 
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bouTB,  the  pressure  applied  being  gradually  increased,  when  it  is  salted  on  the  surface 
and  again  pressed.  The  pressing  continues  for  three  days,  the  cheese  being  salted 
each  day.  The  curing  room  is  kept  preferably  at  60**,  and  the  time  required  for  curing 
is  from  three  to  four  months. 

A  cheese  called  Gloucester  made  in  the  county  of  Gloucester,  England,  is  said  to 
be  identical  with  Derbyshire  cheese.  Double  Gloucester  is  identical  with  single 
Gloucester  in  all  respects  but  size.  It  is  twice  as  thick  as  a  single  Gloucester,  hence 
the  name.  Wiltshire,  Leicestershire,  and  Warwickshire  cheeses  belong  to  the  Der- 
byshire type. 

DEVONSHIRE  CREAM. 

In  making  this  cheese  the  cream  is  allowed  to  rise  for  several  hours,  when  the  milk 
with  the  layer  of  cream  is  scalded.  It  is  then  set  away  for  a  short  time  in  order  that 
the  layer  of  cream  may  harden.  The  cream  is  then  put  into  small  molds  and  placed 
upon  straw  mats  to  drain.  After  becoming  hard  enough  to  retain  its  shape  it  is  ready 
for  market. 

DORSET.  • 

Dorset,  or  Blue  Dorset,  is  a  cheese  resembling  in  character  and  method  of  manu- 
facture the  better  known  Stilton.  It  is  named  from  Dorsetshire,  England,  in  which 
it  is  made. 

DOTTER. 

This  cheese  is  said  to  have  been  made  by  G.  Leuchs,  in  Ntlmberg,  by  mixing  the 
yolk  of  eggs  with  skim  milk  and  making  this  mixture  into  cheese  in  the  usual  way. 

DRY. 

This  cheese,  known  also  as  Sperrkase  and  TrockenkSse,  is  made  in  the  eastern  part 
of  the  Bavarian  Alps  and  in  the  Tyrol,  in  the  small  dairies  of  those  localities.  It  is 
an  extremely  simple  product  made  for  home  consumption,  and  is  made  only  in  the 
winter  season,  when  the  milk  can  not  be  profitably  used  for  other  purposes.  As  soon 
as  the  milk  is  skimmed  it  is  put  into  a  large  kettle  which  can  be  swung  over  a  fire. 
Here  it  is  kept  warm  until  it  is  thoroughly  thickened  from  souring.  It  is  then  broken 
up  and  cooked  quite  firm.  A  small  quantity  of  salt  and  sometimes  some  caraway 
seed  are  added  and  the  curd  is  put  into  forms  of  various  sizes.  It  is  then  placed  in  a 
drying  room,  where  it  becomes  very  hard,  when  it  is  ready  for  eating. 

DUEL. 

This  is  a  soft  cured  rennet  cheese  made  from  cow*s  milk.  It  is  an  Austrian  prod- 
uct, 2  by  2  by  1  inches  in  size. 

DUNLOP. 

This  was  formerly  the  national  cheese  of  Scotland,  but  it  has  been  almost  super- 
seded by  the  Cheddar,  which  it  resembled. 

EDAM. 

This  is  a  hard  rennet  cheese  produced  in  Holland;  it  is  also  known  as  Katzenkopf, 
T^te  de  Maure,  and  Manbollen.  The  best  of  the  product  is  made  of  unskimmed  cow's 
milk,  but  much  of  it  at  the  present  time  is  made  from  milk  which  has  had  at  least 
one-half  of  the  fat  removed .  The  cheeses  are  roimd  and  are  colored  deep  red  on  the 
surface  or  wrapped  in  tin  foil. 

The  perfectly  fresh  milk  is  set  at  90®  to  95°  F.  Ck)lor  is  added  and  sufficient  rennet 
is  used  to  coagulate  the  milk  in  fifteen  minutes.  The  curd  is  cut  and  after  a  very  short 
stirring  is  allowed  to  settle  to  the  bottom,  when  the  whey  is  dipped  off.  Tlie  curd  is 
gathered  in  a  pile  and  pressure  is  applied  for  a  short  time  to  expel  the  whey.     Care  is 
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taken  in  the  meanwhile  that  the  curd  does  not  get  below  82®  or  above  90**.  The  curd 
is  then  ready  for  the  press.  Sometimes  wooden  molds  are  used,  but  the  best  are  made 
of  iron.  An  attempt  is  made  to  put  just  sufficient  curd  into  the  mold  to  make  a  perfect 
sphere  when  pressed.  >\lien  the  mold  is  half  full  a  little  salt  is  added.  Wlien  the 
mold  is  full,  it  is  pressed  lightly  until  the  cheese  will  hold  it«  form,  when  it  is  taken  out 
and  immersed  in  water  for  two  minutes  at  125°.  The  cheese  is  then  put  in  the  press, 
where  it  remains  for  twelve  hours.  It  is  then  removed  from  tlie  mold  and  placed  in 
another  form  resembling  the  mold  but  without  a  cover,  and  having  a  hole  leading  from 
the  bottom.  The  cheese  is  salted  by  rubbing  salt  on  the  surface.  Sometimes  it  is 
kept  in  a  salt  bath  for  a  day  before  putting  salt  on  the  surface.  Following  the  salting, 
the  cheese  is  washed  in  hot  whey,  and  the  surface  is  scraped  smooth.  It  is  then  taken 
to  the  ripening  cellar,  which  should  have  a  temperature  of  between  50°  and  70°.  Here 
it  is  turned  daily  for  a  time  and  finally  twice  a  week.  In  the  meanwhile  it  is  occasion- 
ally moistened  with  cold  water  or  fresh  beer.  When  the  cheese  is  one  month  old  it  is 
washed  in  water  at  70°  for  twenty  minutes  and  then  placed  in  the  sun  to  dry,  after 
which  it  is  rubbed  with  linseed  oil.  Before  shipping  the  cheese  is  a)lored,  usually 
red,  but  for  some  markets  it  is  colored  yellow  with  ahnatto.  This  coloring  is  done  with 
a  watery  solution  of  litmus  and  Berlin  red,  or  with  carmine.  A  considerable  quantity 
of  this  cheese  is  imported  into  the  United  States.  At  the  present  time  some  Edam 
cheeses  are  inclosed  in  air-tight  tins  for  export. 

BLBINQ. 

This  is  a  West  Prussian  hard  rennet  cheese  made  from  cow's  milk  which,  during  the 
winter,  is  partly  skimmed  but  at  other  times  left  whole.  It  is  known  also  as  Werder- 
kase,  and  Niederungskase.  Enough  rennet  is  added  to  the  milk  at  a  temperature  of 
80°  F.  to  coagulate  it  in  from  fifteen  to  thirty  minutes.  The  curd  is  cut  and  cooked  to 
100°,  salted  in  the  granular  state,  and  pressed  for  twelve  hours.  A  cheese  is  10  to  20 
inches  in  diameter  and  3  to  4  inches  in  thickness.  Ripening  requires  about  one  month 
at  a  temperature  of  75°. 

EMMENTAL. 

This  is  a  hard  rennet  cheese  made  from  unskimmed  cow's  milk,  and  has  a  mild, 
somewhat  sweetish  flavor.  It  is  characterized  by  holes  or  eyes  which  develop  to  about 
the  size  of  a  penny  in  tjrpical  cheeses  and  are  situated  from  1  to  3  inches  apart.  Cheese 
of  the  same  kind  made  in  the  United  States  is  known  as  Domestic  Swiss,  and  that  made 
in  the  region  of  Lake  Constance  is  called  Algau  Emmental.  Other  local  names  are 
Bellunese,  Formaggio  Dolce,  Pontine  d'Aosta,  and  Thraanen. 

Enunental  cheese  originated  in  the  Canton  of  Emmental,  Switzerland.  It  is  a  very 
old  variety.  In  the  middle  of  the  fifteenth  century  a  cheese  probably  of  this  type 
was  manufiictured  in  the  Canton  of  Emmental.  In  the  middle  of  the  seventeenth 
century  the  industry  was  well  developed  and  genuine  Emmental  cheese  was  being 
exported.  In  1722  its  manufacture  under  the  name  of  Gruyfere  is  recorded  in  France, 
two  cooperative  societies  having  been  organized  for  this  puri>ose. 

Emmental  cheese  is  now  manufactureil  in  every  civilized  country.  In  the  United 
States  there  are  many  factories,  located  principally  in  Wisconsin,  New  York,  and 
Ohio.  In  Switzerland  the  greater  part  of  the  milk  pnxluced  is  made  into  this  product, 
and  large  districts  in  France  and  northern  Italy  are  devoted  to  its  manufacture.  The 
best  of  the  product  made  in  Switzerland  is  exported,  about  5,000,000  pounds  coming 
to  the  United  States  annually.  The  imported  cheeses  sells  in  this  country  at  about  25 
cents  a  pound  wholesale,  and  the  domestic  cheese  sells  at  about  14  cents.  Practically 
as  good  cheese  can  be  manufactured  in  the  United  States  as  in  Switzerland,  but 
prejudice,  combined  with  the  fact  that  much  of  the  domestic  product  is  sold  as 
imported,  has  held  the  price  at  a  low  level. 

There  is  a  slight  difference  in  manipulation  of  the  milk  in  making  Emmental 
cheese  in  this  country  as  compared  with  Switzerland.     In  the  latter  country  the 
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evening'8  and  moming's  loilk  are  made  up  together,  while  in  the  United  States  it 
is  popularly  believed  that  the  evening's  milk  must  be  made  into  cheese  immediately 
after  milking,  as  is  done  with  the  morning's  milk. 

In  making  the  cheese  in  Switzerland  the  evening's  milk  is  skimmed;  the  fresh 
morning's  milk  is  heated  to  108^  to  110^  F.  and  the  cream  from  the  evening's  milk 
is  added  and  well  stirred  in.  The  cooled  evening's  milk  with  a  little  saffron  is  then 
added  and  the  whole  is  mixed.  The  milk  is  then  brought  to  a  temperature  of  9(P 
in  summer  and  95®  in  winter  and  sufficient  rennet  is  added  to  coagulate  the  milk 
in  thirty  to  forty  minutes.  The  whole  process  is  carried  through  in  a  huge  copper 
kettle  holding  300  gallons  of  milk.  The  rennet  used  is  the  calf's  stomach  soaked 
for  twenty-four  hours  in  whey.  When  the  milk  has  thickened  to  almost  the  desired 
point  for  cutting,  which  is  practically  the  same  as  for  ordinary  American  or  Cheddar 
cheese,  the  thin  surface  layer  is  scooped  off  and  turned  bottom  side  up.  This  is 
supposed  to  aid  in  incorporating  the  layer  of  cream  with  the  cheese.  The  curd  is 
then  cut  very  coarse  by  means  of  a  so-called  harp.  The  cheese  maker  with  a  wooden 
scoop  in  each  hand  then  draws  the  mass  of  curd  toward  him,  that  lying  on  the  bottom 
of  the  kettle  being  brought  to  the  surface.  At  this  point  the  cheese  maker  and  an 
assistant  commence  stirring  the  curd  with  the  harp,  a  breaker  having  first  been  fitted 
to  the  inside  of  the  kettle  to  interrupt  the  current  of  the  whey  and  curd.  The  harps 
are  given  a  circular  motion  and  cut  the  curd  very  fine — about  the  size  of  wheat  ker- 
nels or  smaller. 

After  this  stage  is  reached  heating  is  conmienced.  In  Switzerland  all  of  the  heat- 
ing until  recently  was  done  over  an  open  fire,  the  kettle  being  swimg  on  a  large  crane, 
and  most  of  the  factories  have  the  same  method  at  the  present  time.  In  this  country 
the  same  method  was  followed  in  the  early  days  of  the  industry,  but  at  the  present 
time  inclosed  fireplaces  into  which  the  kettle  can  be  swung  and  doors  closed  to  retain 
the  heat  are  largely  employed.  This  takes  away  much  of  the  discomfort  of  the  oper- 
ation. In  a  few  instances  the  kettles  are  set  in  cement  and  an  iron  car  containing 
the  fire  is  run  under  it.  The  more  modem  factories  employ  steam,  and  this  appears 
to  be  the  most  satisfactory  way.  When  the  heating  is  begun  the  contents  of  the  kettle 
are  brought  rapidly  to  the  desired  temperature,  which  may  be  from  126®  to  140®,  the 
higher  temperature  often  being  necessary  to  get  the  curd  sufficiently  firm.  The  stir- 
ring in  the  meanwhile  continues  for  about  one  hour,  with  slight  interruptions  near 
the  end  of  the  process  when  the  curd  has  become  so  firm  that  it  will  not  mat 
together.  The  end  of  the  cooking  is  determined  by  the  firmness  of  the  curd,  which 
is  judged  by  matting  a  small  cake  with  pressure  by  the  hands  and  noting  the  ease 
with  which  this  cake  breaks  when  held  by  the  edge. 

When  the  curd  is  sufficiently  firm  the  contents  of  the  kettle  are  rotated  rapidly 
and  allowed  to  come  to  a  standstill  as  the  momentum  is  lost.  This  brings  all  the 
curd  into  a  cone-shaped  pile  in  the  center  of  the  kettle.  One  edge  of  a  heavy  linen 
cloth  resembling  burlap  is  wrapped  around  a  piece  of  hoop  iron  and  by  this  means 
the  cloth  is  slipped  under  the  pile  of  curd.  The  mass  of  ciud  is  then  raised  from 
the  whey  by  means  of  a  rope  and  pulley  and  lowered  into  a  cheese  hoop  on  the 
draining  table.  These  hoops  are  4  to  6  inches  deep  and  vary  greatly  in  diameter. 
The  cloth  is  folded  over  the  cheese,  a  large  follower  is  put  on  top,  and  the  press  is 
allowed  to  come  down  on  the  cheese.  The  press  is  usually  a  log  swung  at  one  end 
and  operated  by  a  double  lever.  Pressure  is  continued  for  the  first  time  just  long 
enough  for  the  curd  mass  to  retain  its  shape.  The  hoop  is  then  removed,  the  cheese 
turned  over,  and  a  dry  cloth  substituted.  The  cheese  is  allowed  to  remain  in  the 
press  about  twenty-four  hours,  during  which  time  it  is  turned  and  a  dry  cloth  sub- 
stituted several  times  (six  or  more). 

At  the  end  of  the  pressing  the  curd  should  be  a  homogeneous  mass  without  holes. 
The  cheese  is  then  removed  to  the  salting  board,  covered  with  a  layer  of  salt,  and 
turned  occasionally.    In  a  day  or  two  it  is  put  in  the  salting  tank  in  a  bnne  strong 
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enough  to  float  an  egg;  it  remains  here  at  the  discretion  of  the  cheese  maker  for  one 
to  four  days.    Often  no  brine  tank  is  used  with  Emmental  cheese. 

The  cheese  is  then  taken  to  the  curing  cellar.  In  the  best  factories  two  or  more 
cellaiB  with  different  temperatures  are  available  and  the  cheeses  are  placed  in  them 
according  to  the  way  the  cheese  maker  thinks  their  development  requires.  If  it 
appears  that  the  cheese  may  develop  too  fast  and  have  too  many  and  too  laige  eyes, 
the  cheese  is  placed  in  a  cool  cellar;  if  the  reverse  is  true,  a  warm  cellar  is  selected. 
The  ceUars  vary  in  temperature  from  55^  to  66^,  though  in  extreme  cases  70^  or  g, 
little  higher  may  be  used.  While  the  cheeses  are  in  the  ripening  cellar,  which  in 
Switzerland  may  be  six  to  ten  months  or  longer,  and  in  the  United  States  three  to  six 
months,  they  should  be  turned  and  washed  every  other  day  for  the  first  two  or  three 
months  and  at  longer  intervals  subsequently,  and  at  the  same  time  a  little  coane 
salt  is  sprinkled  on  the  surface.  In  a  few  hours  this  salt  has  dissolved  and  the  brine 
is  spread  over  the'surfiice  with  a  long-handled  brush. 

The  cheeses  are  very  laige,  about  6  inches  in  thickness  and  sometimes  as  much 
as  4  feet  in  diameter,  and  weigh  from  60  to  220  pounds.  In  shipping,  a  number 
of  them  are  placed  in  a  tub  which  may  contain  1,000  pounds  of  cheese.  Sometimes 
Emmental  cheese  is  made  up  in  the  form  of  blocks  instead  of  like  millstones.  The 
blocks  are  about  28  inches  long  and  8  inches  square  in  the  other  dimensions. 

BNQADINB. 

This  is  made  in  the  Canton  of  GraubOnden,  Switzerland,  and  is  a  rennet  cheese 
made  from  unskimmed  cow's  milk. 

ENGLISH  DAIRY. 

This  name  is  applied  to  a  very  hard  cheese,  made  in  the  same  general  way  as  Ched- 
dar, but  cooked  much  more.  This  cheese  has  been  made  mostly  in  the  United  States. 
It  is  used  for  culinary  purposes. 

fiPOISSB. 

This  is  a  soft  rennet  cheese  made  from  whole  or  partly  skimmed  milk  in  the  Depart- 
ment of  Cdte  d'Or,  France. 

ERVY. 

This  is  a  soft  whole-milk  rennet  cheese  resembling  Camembert  and  deriving  its 
name  from  the  village  of  Ervy,  in  the  Department  of  Aube,  France.  A  cheese  is 
about  7  inches  in  diameter,  2}  inches  thick,  and  weighs  about  4  pounds. 

FARM. 

This  cheese,  made  in  France,  and  known  variously  as  Fromage  k  la  Pie,  Mou,  Maigre, 
and  Ferme,  is  essentially  the  same  as  our  Cottage  cheese.  The  method  of  making  is 
very  simple.  When  the  skimmed  milk  has  become  curdled  the  whey  is  poured  off 
and  the  curd  kneaded  and  molded  into  various  sizes  and  shapes.  Draining  is  some- 
times hastened  by  placing  a  board  and  weight  upon  the  curd.  Salt  and  sometimes 
sweet  cream  are  added.  The  cheese  is  consumed  usually  on  the  farm  where  made 
either  while  fresh  or  after  it  has  undergone  fermentation. 

FILLED. 

Filled  cheese  is  the  name  applied  to  cheese  from  which  the  butterfat  has  been  re- 
moved and  foreign  fats  added.  The  foreign  fat  is  added  by  stirring  it  violently  in  the 
milk  and  setting  with  sufficient  rennet  to  coagulate  quickly.  The  rest  of  the  manu- 
facture is  the  same  as  for  Cheddar  cheese.  Filled  cheese  was  very  extensively  manu- 
factured in  the  United  States  for  a  number  of  years,  but  State  and  Federal  laws  have 
made  this  no  longer  practical.  Many  of  the  European  varieties  of  cheese  are  counter- 
feited or  adulterated  in  the  same  manner. 
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FLOWER. 

This  cheese  is  so  named  because  it  is  made  with  the  addition  of  the  petals  of  various 
kinds  of  flowers,  such  as  roses  and  marigolds.  It  is  a  soft-cured  reimet  cheese  made 
in  England  from  whole  cow's  milk. 

FORMAGELLE. 

This  is  a  small  soft  ripened  rennet  cheese  made  from  cow*b  milk  in  the  northwestern 
part  of  Italy. 

FORMAGGINI. 

This  name.is  applied  to  several  kinds  of  small  Italian  cheeses.  The  kind  designated 
Formaggini  di  Lecco  is  a  small  cylindrical  dessert  cheese  weighing  about  2  ounces, 
made  in  the  region  of  Leca),  in  Lombardy.  It  is  consumed  while  fresh  and  sweet  and 
at  all  stages  of  ripening  until  it  becomes  very  piquant.  Sometimes  salt,  pepper, 
sugar,  and  cinnamon  are  mixed  with  this  cheese,  and  occasionally  oil  and  vinegar  are 
added.  The  method  of  manufacture  is  not  essentially  different  from  that  of  other  soft 
cheeses,  (""ow's  milk  is  used  with  the  addition  at  times  of  some  goat's  milk.  Rennet 
is  added  to  the  warmed  milk,  which  is  then  allowed  to  stand  for  twenty-four  hours  at  a 
temperature  of  about  55°  F.  The  curd,  with  as  little  breaking  up  as  ptxssible,  is  allowed 
to  drain  for  three  to  four  hours,  when  it  is  salted  and  put  into  cylindrical  molds  about 
IJ  inches  in  diameter  and  2  inches  high. 

FROMAGE  FORT. 

Several  kinds  of  cooked  chet^e  prepared  in  France  are  known  by  this  name.  In 
the  Department  of  Ain,  Fromage  Fort,  is  prepared  by  melting  well-drained  skim-milk 
curd,  putting  the  melted  mass  into  a  cloth,  and  subjecting  it  to  pressure  and  afterward 
l>urying  it  in  dry  a.shea  in  order  to  remove  as  much  of  the  whey  as  possible.  The  mass 
is  then  grated  fine  and  allowed  to  ferment  for  eight  to  ten  liays,  after  which  milk, 
butter,  salt,  pepper,  wine,  etc. ,  are  added  to  it,  and  the  mixture  is  allowed  to  undergo 
further  fermentation. 

Canquillote,  Cancoillotte,  or  Fromag^re,  prepared  in  the  eastern  part  of  France,  is  a 
cheese  of  this  kind,  as  is  also  the  Fondue,  or  cooked  cheese,  of  Lorraine.   " 

GAMMELOST. 

(lammelost  is  made  in  Non^'ay  from  skimmed  sour  milk.  The  milk  is  cooked  or 
wanne^d  in  a  kettle  and  allowed  to  stand  for  one  hour  while  the  precipitated  casein 
gathers  at  the  lx)ttom.  This  is  taken  up  in  a  cloth  and  the  whole  is  put  into  a  form 
where  light  pressure  is  applied.  The  cheese  still  in  the  cloth  in  the  form  is  put  in  the 
hot  wh(*y  for  an  hour,  when  it  is  again  placed  under  pressure  for  a  short  period.  It 
is  put  in  a  warm  place  and  turned  daily.  At  the  end  of  fourteen  days  it  is  packed  in 
a  chest  with  w(*t  straw.    The  cheeses  vary  in  weight  fn)m  24  to  05  pounds. 

GAUTRAIS. 

This  is  a  cylindrical  cheese  weighing  about  5  pounds  and  very  closely  resembling 
Port  du  Salut.     It  is  made  in  the  Department  of  Mayenne,  France. 

GAVOT. 

This  cheese  is  made  from  cow's,  sheep's,  or  goat's  milk  in  the  Department  of  Hautes- 
Alpes,  France. 

GEHEIMRATH. 

This  is  a  cheese  made  in  small  quantities  in  Holland.  It  resembles  a  small  Gouda 
cheese  in  qualitv  and  process  of  manufacture.     It  is  colored  a  deep  yellow. 
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q£:romi£. 

This  is  a  soft  rennet  cheese  made  in  the  mountainous  regions  of  the  Yosges,  France. 
The  name  is  a  corruption  of  G^rardmer,  a  village  in  the  region  where  the  cheese  has 
been  made  for  at  least  fifty  years.  The  variety  is  very  similar  to  Mflnster,  but  not  so 
well  known. 

Cow's  milk  is  used  almost  exclusively,  though  at  times  a  little  goat's  milk  is  added. 
The  fresh  milk  is  set  with  rennet  at  a  temperature  of  about  80**  to  90**  F.  In  about 
one-half  hour  after  adding  the  rennet  the  curd  is  cut  into  rather  large  cubes  and  allowed 
to  stand  for  about  one  hour  when  the  whey  is  dipped  off.  The  curd  is  then  put  into 
cylindrical  forms  or  hoops  6  to  7  inches  in  diameter.  Formerly  these  were  made  of 
wood,  one  being  placed  upon  another,  making  a  total  height  of  14  to  15  inches.  They 
are  now  being  made  also  of  tin  and  in  various  sizes.  The  cheeses  are  turned  after  6 
hours  and  again  after  12  hours.  During  the  next  two  or  three  days  they  are  turned 
twice  daily,  the  hoops  being  changed  each  time.  A  room  temperature  between  60** 
and  70**  is  desired  during  this  process.  The  cheew^s  are  then  salted,  the  amount  of 
salt  used  being  from  3  to  3.5  per  cent  of  the  weight  of  the  cheese. 

The  cheeses  are  then  placed  in  a  well- ventilated  room  for  several  days  and  when 
sufficiently  dry  are  transferred  to  the  curing  cellar.  Here  they  are  turned  frequently 
and  worked  with  warm  salt  water  to  prevent  the  growth  of  molds.  Ripening  requires 
from  six  weeks  to  four  months,  depending  upon  the  size  of  the  cheeses,  which  vary  in 
weight  from  one-half  pound  to  5  pounds  or  more.  Anise  is  sometimes  incorporated 
with  the  curd  before  putting  into  the  forms.  Such  cheese  when  old  often  has  a  greenish 
appearance. 

QERVAIS. 

This  is  a  French  cheese  made  from  a  mixture  of  whole  milk  and  cream.  The  mix- 
ture is  set  with  rennet  at  about  65°  F.,  the  time  required  being  about  12  hours.  Tlie 
curd  is  then  inclosed  in  cloth  and  hung  up  to  drain.  Wlien  sufficiently  dry  it  is 
salted  and  pressed  into  molds.  The  molds  are  soon  removed  and  the  cheese  is  wrapped 
in  paraffin  paper.  The  cheese  is  usually  consumed  while  fresh,  but  may  be  kept  for 
several  days. 

GBX. 

This  is  a  hard  rennet  cheese  made  from  cow's  milk.  It  belongs  to  the  class  of  blue 
or  marbled  cheese  known  in  France  as  Fromage  Persill^,  which  includes  Rasaenage, 
Septmoncel,  and  several  other  kinds  resembling  Roquefort.  It  is  made  principally 
in  the  southeastern  part  of  France  and  derives  its  name  from  the  town  of  Gex  in  the 
Department  of  Ain,  where  the  cheese  has  been  made  for  at  least  sixty  years.  There 
has  been  little  tendency  for  the  industry  to  extend  to  other  regions  than  that  in  which 
it  originated,  and  even  here  it  is  said  to  be  diminishing. 

Rennet  is  added  to  the  fresh  milk  as  soon  as  possible  after  milking.  The  time 
allowed  for  coagulation  is  one  and  one-half  to  two  hours.  The  curd  is  then  broken  up 
and  stirred  until  the  mass  is  in  a  semiliquid  condition,  when  it  is  allowed  to  stand 
for  about  ten  minutes.  After  the  curd  has  settled  to  the  bottom  of  the  vat  the  whey 
is  drained  off.  The  curd  is  then  worked  by  hand,  salted  lightly,  and  put  into  hoops 
about  12  inches  in  diameter  and  5  inches  in  height.  In  about  one  hour  the  cheese  is 
turned  and  a  disk  and  weight  placed  upon  it.  The  turning  is  repeated  three  or  four 
times  a  day,  the  hoops  being  removed  at  the  end  of  the  first  day.  After  salting,  the 
cheese  is  taken  to  the  curing  room,  where  it  soon  acquires  a  bluish  appearance,  due 
to  the  development  of  a  penicillium.  This  mold  is  not  introduced  into  the  interior 
of  the  cheese  during  making  by  means  of  mottled  bread,  as  is  the  case  with  Roquefort 
cheese.  The  ripening  process,  which  requires  from  three  to  four  months,  is  completed 
in  cellars  or  natural  caves.    A  ripened  cheese  weighs  from  14  to  15  pounds. 


Digitized  by  VjOOQ IC 


24  VARIETIES   OF  CHEESE. 

GISL£V. 

ThiB  is  a  hard  rennet  cheese  made  in  Denmark  from  skimmed  cow's  milk. 

GLUMSB. 

This  cheese  is  made  from  sour  skimmed  milk  in  western  Prussia.  The  thickened 
milk  is  placed  over  a  slow  fire  at  about  105^  F.  and  is  cooked  as  long  as  any  whey  is 
expeUed.  The  cooking  may  be  done  by  pouring  hot  water  into  the  milk.  After 
cooking,  the  curd  is  removed  from  the  whey  with  a  perforated  dipper  and  is  allowed  to 
drain  in  a  hair  sieve.  Milk  or  cream  is  added  to  the  cheese  just  before  eating.  This 
is  evidently  a  cottage  cheese. 

GOAT'S  MILK. 

There  are  a  large  number  of  goat's-milk  cheeses,  many  of  which  are  not  designated 
by  local  names.  In  France  some  of  these  are  known  by  the  names  Ghevret  or  Chcv- 
rotin,  in  Italy  as  Formaggio  di  Capra,  and  in  German-speaking  countries  as  Zi^;enka8e 
or  Gaisk&sli.  Among  those  in  France  to  which  local  names  have  been  attached  are 
Gratairon,  Lamothe,  and  Poitiers. 

The  Gaiskasli  is  a  soft  cheese  made  in  certain  parts  of  Germany  and  Switzerland. 
The  milk  is  set  with  sufficient  rennet  to  coagulate  it  in  about  40  minutes.  The  curd  la 
then  broken  up,  stirred,  and  dipped  into  cylindrical  molds  about  3  inches  in  diameter. 
The  mold  is  filled  sufficiently  to  make  a  cheese  1)  to  2  inches  thick  and  weighing  one- 
half  pound.  The  mold  is  set  on  a  straw  mat  which  allows  the  whey  to  drain  freely, 
and  salt  is  sprinkled  on  the  surface.  In  two  days  the  cheese  is  turned  and  the  other 
surface  is  salted.  The  cheese  requires  about  three  weeks  to  ripen  and  is  said  to  have  a 
very  pleasant  flavor. 

A  kind  of  cheese  is  made  in  Norway  by  drying  goat's  milk  by  boiling,  fresh  milk  or 
cream  sometimes  being  added  during  the  process. 

GORGONZOLA. 

This  variety,  known  also  as  Stracchino  di  Gorgonzola,  is  a  rennet  Italian  cheese 
made  from  whole  cow's  milk.  The  name  is  taken  from  the  village  of  Gorgonzola,  near 
Milan,  but  very  little  of  this  cheese  is  now  made  in  that  immediate  locality.  The 
interior  of  the  cheese  is  mottled  or  veined  with  a  penicillium  much  like  Roquefort, 
and  for  this  reason  the  cheese  has  been  grouped  with  the  Roquefort  and  Stilton  varie- 
ties. As  seen  upon  the  markets  in  this  country,  the  surface  of  the  cheese  is  covered 
with  a  thin  coat  resembling  clay,  said  to  be  prepared  by  mixing  barite  or  gypsum,  lard 
or  tallow,  and  coloring  matter.  The  cheeses  are  cylindrical  in  shape,  being  about  12 
inches  in  diameter  and  6  inches  in  height,  and  as  marketed  are  wrapped  in  paper  and 
packed  with  straw  in  wicker  baskets 

The  manufacture  of  Goigonzola  cheese  is  an  important  industry  in  Lombardy,  where 
formerly  it  was  carried  on  principally  during  the  months  of  September  and  October, 
but  with  the  establishment  of  curing  cellars  in  the  Alps,  especially  near  Lecco,  the 
manufacture  is  no  longer  confined  to  this  season. 

The  milk  used  in  making  this  cheese  is  warmed  to  a  temperature  of  about  75**  F.  and 
coagulated  rapidly  with  rennet,  the  time  required  being  usually  from  fifteen  to  twenty 
minutes.  The  curd  is  then  cut  very  finely  and  inclosed  in  a  cloth  and  drained,  after 
which  it  is  put  into  hoops  12  inches  in  diameter  and  10  inches  high.  It  was  formerly 
the  custom  to  allow  the  curd  from  the  evening's  milk  to  drain  over  night  and  to  mix  it 
with  the  fresh  warm  curd  from  the  morning's  milk  prepared  in  the  same  way.  The 
curd  from  the  evening's  milk  and  that  from  the  morning^s  milk,  crumbled  very  fine, 
were  put  into  hoops  in  layers  with  moldy  bread  crumbs  interspersed  between  the 
layers.  The  cheese  is  turned  frequently  for  four  or  five  days,  tlie  cloths  being  changed 
occasionally,  and  is  salted  from  the  outside,  the  process  requiring  about  two  weeks. 
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It  is  then  tiaiiBferred  to  the  curing  rooma,  where  a  low  temperature  is  usually  main- 
tained. At  an  early  stage  in  the  process  of  ripening  the  cheese  is  usually  punched 
with  an  instrument  about  6  inches  long  tapering  from  a  sharp  point  to  a  diameter  of  about 
one-eighth  inch  at  the  base.  About  150  holes  are  made  in  each  cheese.  This  favors 
the  development  of  the  penicillium  throughout  the  interior  of  the  cheese.  WeU-made 
cheese  may  be  kept  for  a  year  or  longer.  In  the  region  where  made,  much  of -the  cheese 
is  consumed  while  in  a  fresh  condition. 

GOUDA. 

This  is  a  Holland  cheese  made  from  whole  or  partly  skimmed  cow's  milk.  It  is 
round  and  weighs  10  to  45  pounds.  The  milk,  to  which  coloring  matter  has  been 
added,  is  set  at  91°  F.  with  sufficient  rennet  to  coagulate  it  in  fifteen  minutes.  The 
curd  is  cut  or  broken  with  a  wooden  scoop,  a  harp,  or  an  American  cheese  knife.  It 
IB  allowed  to  stand  for  a  minute  and  the  whey  is  dipped  off.  Hot  whey  or  hot  water 
is  poured  on  the  mass  of  curd  until  the  whole  has  reached  a  temperature  of  104°  to  110°. 
When  the  curd  squeaks  or  whistles  when  it  is  crushed  between  the  teeth,  the  whey 
or  water  is  dipped  of!  and  the  curd  is  stirred  and  piled  where  it  will  drain  well.  The 
curd  is  then  thoroughly  kneaded  and  sometimes  lightly  salted.  After  salting,  the 
curd  is  put  into  round  molds  and  placed  in  a  press,  where  it  remains  for  twenty-four 
hours  with  increasing  pressure.  The  cheese  is  then  salted  either  by  immersion  in 
brine  or  by  rubbing  salt  on  the  surface.  The  salting  continues  for  four  to  eight  days. 
After  salting,  the  cheese  is  washed  with  hot  whey.  It  is  then  transferred  to  the  ripening 
cellar,  where  it  is  turned  daily  for  several  days  and  finally  once  a  week  until  ripened. 
It  is  ready  for  consumption  in  six  to  eight  months.  When  the  cheese  is  a  few  days 
old  it  is  washed  with  water  and  colored  with  saffron.  Some  of  this  cheese  is  shipped 
to  the  United  States.  As  seen  in  this  country  each  cheese  is  covered  with  an  animal 
tissue ^said  to  be  a  bladder. 

GOURNAY. 

This  is  a  soft  rennet  cheese  which  derives  its  name  from  the  village  of  Goumay  in 
the  Department  of  Seine-Inf^rieure,  France,  where  it  is  made.  It  is  about  3  inches 
in  diameter  and  three-fourths  inch  thick. 

GOYA. 

This  cheese  is  manufactured  in  the  Province  of  Corrientes,  in  the  Argentine  Re- 
public. Either  whole  or  partly  skimmed  milk  is  used.  It  is  heated  to  a  temperature 
of  75°  to  85°  F.  and  coagulated  with  rennet  in  fifteen  to  thirty  minutes.  The  curd  is 
cut  and  put  into  sacks  to  drain,  after  which  it  is  put  into  molds. 

GRANULAR  CUR*D. 

This  cheese  resembles  the  genuine  Cheddar  process  cheese  in  all  points  excepting 
that  it  is  not  matted  and  milled.  As  soon  as  the  curd  is  cooked  firm  enough  it  is  salted 
and  pressed.  Because  no  acid  is  developed  between  cooking  and  pressing,  a  little 
more  acid  may  be  allowed  to  develop  before  drawing  the  whey,  and  the  curd  should 
be  cooked  firmer. 

GRAY. 

This  is  a  sour  skim-milk  product  of  the  Tyrol.  When  the  milk  is  thickened  the 
curd  is  brought  to  a  proper  firmness  by  light  heating,  and  is  then  dipped  into  a  cheese 
cloth,  care  being  taken  that  the  flocculent  matter  at  the  bottom  of  the  kettle  b  thor- 
oughly mixed  with  the  rest  of  the  curd  in  order  to  insure  an  even  product.  The  curd 
is  put  under  a  press  for  ten  minutes,  when  it  is  broken  up  by  hand  or  in  a  mill  and 
salt  and  pepper  are  added.  The  curd  is  then  put  into  forms  or  hoops,  and  to  insure 
the  proper  ripening  a  little  well-ripened  grated  gray  cheese  is  added,  or  bread  crumbs 
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with  the  characteristic  mold  growth  are  mixed  with  the  curd  as  it  is  put  into  the  forms. 
The  forms  are  made  in  various  shapes  and  sizes  and  are  supplied  with  holes  to  facilitate 
drainage.  The  cheese  remains  in  the  forms  under  pressure  for  twenty-four  hours, 
and  is  then  taken  to  the  drying  room,  which  has  a  temperature  of  70^  F.  The  length 
of  time  it  should  remain  in  the  drying  room  is  determined  by  the  appearance  of  the 
cheese.  It  is  then  taken  to  the  ripening  cellar.  The  cheese  when  ripened  has  a 
pleasant  taste  and  a  gray  appearance  through  the  entire  mass. 

QRUYl^RB. 

This  name  is  applied  to  Emmental  cheese  manufactured  in  France,  the  name 
originating  from  the  Swiss  village  of  Gruy^re.  The  cheese  was  first  mentioned  in 
1722,  when  two  societies  were  reported  to  have  been  oi^ganized  for  its  manufacture. 
The  Gruyfere  cheese  is  made  in  three  different  qualities— whole  milk,  partly  skimmed, 
and  skimmed.  It  is  usually  made  from  partly  skimmed  milk,  and  this  is  supposed 
to  distinguish  it  from  Emmental,  which  is  supposed  to  be  made  from  whole  milk. 
The  manufacture  of  Gruy^re  cheese  is  an  extensive  industry  in  France,  about  50,000,- 
000  pounds  having  been  manufactured  annually  the  latter  part  of  the  last  century. 

gOssing. 

This  is  an  Austrian  skim-milk  cheese  weighing  from  4  to  8  pounds.  It  resembles 
very  much  the  brick  cheese  of  the  United  States  and  is  made  in  practically  the  same 
way. 

HAND. 

Hand  cheese  is  so  named  because  it  was  molded  originally  into  its  final  shape  by 
hand.  It  is  a  sour-milk  cheese,  very  popular  among  German  races,  and  manufactured 
in  many  countries. 

The  process  of  making  varies  in  different  localities,  but  in  general  is  about  as  follows: 
The  skimmed  milk  is  mixed  with  buttermilk  and  put  into  a  tinned  vessel  where  it  is 
held  at  a  favorable  temperature  for  souring.  When  thick  the  curd  is  broken  up  by 
stirring  and  heated  to  120*^  F.  The  cooking  is  continued  for  about  three  hours  and 
for  the  first  hour  of  this  time  is  stirred  thoroughly.  After  cooking  the  whey  is  drained 
off  and  the  curd  is  put  in  a  mold  for  cooling.  It  is  then  ground  fine  in  a  curd  mill 
and  salt  is  incorporated,  and  for  some  kinds  caraway  seed  is  added.  The  curd  is  then 
pressed  into  the  desired  shapes  and  sizes.  The  small  cheeses  are  dried  in  a  wann  room 
and  then  transferred  to  the  curing  cellar,  where  they  are  kept  on  shelves  until  the 
ripening  on  the  surface  has  commenced,  when  they  are  packed  in  boxes.  The  cheese 
has  a  very  sharp,  pungent  odor  and  taste,  which  to  most  people  unaccustomed  to  it 
are  very  disagreeable. 

There  are  many  local  names  for  hand  cheeses,  among  which  are  the  following:  Thu- 
ringia  caraway  cheese;  Ihlefeld,  made  in  Mecklenbuig;  Livlander,  made  in  Russia; 
Olmfltzer  Bierkase;  Dresdener  Bierkase;  Satz,  made  in  Saxony;  Tjrrol  sour  cheese; 
Berliner  Kuhkase,  and  Alt  Kuhkfise. 

HARZ. 

This  is  a  hand  cheese  made  in  different  sizes.  It  is  1}  to  2)  inches  in  diameter  and 
}  to  }  inch  in  thickness  and  weighs  one-fourth  pound.  It  is  identical  in  manufacture 
with  hand  cheese. 

HAY. 

This  cheese,  known  as  Fromage  de  Foin,  is  a  skim-milk  variety  made  in  the  Depart- 
ment of  Seine-Inf^ricure,  France.  The  cheese  derives  its  name  from  the  fact  that  it 
is  ripened  on  as  freshly  cut  hay  as  possible,  which  gives  a  characteristic  aroma  to  the 
cheese.  The  cheese  in  some  respects  resembles  a  poor  grade  of  Livarot.  It  is  about 
10  inches  in  diameter  and  2  to  3  inches  thick. 
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The  milk  is  set  with  rennet  at  a  temperature  of  80^  to  85^  F.  In  about  one  hour  the 
curd  is  cut  and  the  whey  removed ;  the  curd  is  then  pressed  to  remove  as  much  of  the 
whey  as  possible,  after  which  it  is  pressed  by  hand  into  molds.  After  draining  for 
about  two  days  it  is  put  into  the  drying  room,  where  it  remains  for  about  three  weeks, 
when  it  is  taken  to  the  curing  cellar  and  buried  in  hay.  After  remaining  here  for  six 
weeks  to  three  months  it  is  ready  for  sale.  The  consumption  of  this  variety  is  largely 
restricted  to  the  region  where  it  is  made. 

HOHENHBIM. 

This  is  a  soft  cheese  made  in  Hohenheim  from  partly  skimmed  milk.  It  is  cylin- 
drical in  shape,  4  to  6  inches  in  diameter,  and  weighs  about  one-half  pound. 

The  skimmed  evening's  milk  is  added  to  the  morning's  milk  and  heated  in  a  copper 
kettle  to  110^  F.  Some  saffron  is  used  for  color  and  rennet  is  added.  In  one  to  one  and 
one-half  hours  the  curd  is  broken  up  and  the  whey  dipped  off.  Caraway  seed  is 
stirred  in,  by  which  process  the  curd  is  reduced  to  smaller  particles.  It  is  then  dipped 
into  tin  hoops  having  holes  to  allow  easy  draining.  The  curd  remains  in  these  hoops 
for  twelve  hours  and  an  additional  twelve  hours  on  a  drying  board .  It  is  then  sprinkled 
with  salt  and  when  this  is  dissolved  it  is  again  salted  and  placed  in  the  ripening  cellar. 
Ripening  requires  three  months. 

HOLSTBIN  HEALTH. 

This  is  a  cooked  cheese  made  from  sour  skimmed  milk,  the  local  name  being  Hol- 
steiner  Gesundheits  Kase.  The  milk  is  heated  lightly  and  the  curd  is  strongly 
pressed;  it  is  then  well  mixed  and  put  in  a  tin  kettle.  A  little  cream  and  salt  are 
added  and  the  whole  is  stirred  while  it  is  being  heated  to  the  melting  temperature 
over  a  fire.  It  is  then  put  into  a  hoop  or  mold  which  holds  about  one-half  pound  and 
is  allowed  to  cool. 

HOLSTBIN  SKIM-MILK. 

As  the  name  indicates,  this  is  a  skim-milk  cheese  made  in  the  Province  of  Holstein, 
where  it  is  known  as  Holsteiner  Magerkase.  Usually  in  the  manufacture  of  this 
cheese  6  percent  of  buttermilk  is  added  to  separator  skim  milk.  A  part  is  heated  to 
160^  F.  and  the  remainder  is  mixed  with  the  pasteurized  portion.  The  milk  is  col- 
ored with  saffron,  and  rennet  powder  is  used  for  coagulating  the  casein,  which  requires 
about  35  minutes.  The  curd  is  then  broken  up  and  allowed  to  remain  in  the  whey 
for  thirty  minutes  without  stirring.  A  cloth  is  then  used  for  lifting  the  curd  from  the 
whey,  and  1  per  cent  of  salt  is  mixed  in.  The  curd  is  pressed  for  one-half  hour,  when 
it  is  turned  and  pressure  again  applied.  The  pressure  is  gradually  increased  from  5 
pounds  to  9  pounds  for  each  pound  of  cheese.  The  cheese  is  transferred  to  the  curing 
cellar,  which  has  a  temperature  of  60°.  It  is  here  turned  daily  until  ripened,  which 
requires  four  months.    Each  cheese  weighs  from  12  to  14  pounds. 

HOP. 

Hop  or  Hopfen  cheese  is  a  German  product.  The  ground  curd  is  salted  and  allowed 
to  ripen  for  three  or  four  days,  when  it  is  mixed  with  fresh  curd  and  molded  into  small 
cheeses  measuring  about  2}  inches  in  diameter  and  1  inch  in  thickness.  These  are 
placed  in  a  well- ventilated  room  and  allowed  to  become  quite  dry,  when  they  are 
packed  in  hops. 

HVID  GJEDBOST. 

This  is  a  goat's-milk  cheese  made  in  Norway.  The  milk  is  set  at  70°  F.  or  higher. 
The  curd  is  broken  up  and  is  cooked  in  the  usual  manner.  It  is  then  pressed  in  forms 
9  to  10  inches  long,  6  inches  broad,  and  4  inches  high.  The  cheese  is  made  only  for 
local  consumption. 
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ILHA. 

Ilha  is  a  Portuguese  word  meaning  island,  and  is  applied  to  the  cow's-milk  cheeses 
made  in  the  Azore  Islands  and  imported  quite  extensively  into  Portugal.  They  are 
moderately  firm  cheeses  measuring  10  to  12  inches  in  diameter  and  about  4  inches  in 
thickness. 

INCANESTRATO. 

This  name  is  applied  to  cheese  made  in  Sicily.  The  mixture  of  evening's  and 
morning's  milk  is  curdled  with  rennet  in  about  three-fourths  of  an  hour.  The  curd 
is  then  stirred  thoroughly  and  2  per  cent  of  water  is  added.  After  standing  for  five 
minutes  the  curd  is  separated  from  the  whey,  pressed  by  hand,  and  sometimes  allowed 
to  ferment  for  two  to  three  days,  when  it  is  cooked  in  whey  and  then  pressed  and 
salted.  Various  spices  are  added.  A  kind  known  as  Majocchino  and  made  in  the 
region  of  Messina,  out  of  cow's,  goat's,  and  sheep's  milk,  contains  olive  oil. 

ISIGNY. 

This  is  an  American  cheese  originating  about  thirty  years  ago  in  attempts  to  make 
Gamembert  cheese  in  this  country.  The  proper  ripening  for  Camembert  cheese  was 
not  secured  and  hence  a  distinct  name  was  given  to  the  product.  The  cheese  is 
slightly  larger  than  Camembert  but  of  the  same  shape.  The  ripened  product  bears  a 
close  resemblance  to^  Limburg.  The  process  of  manufacture  is  similar  to  that  of 
Camembert.  During  ripening,  however,  the  cheese  is  washed  and  rubbed  occasion- 
ally to  check  the  growth  of  molds  on  the  surface. 

JOCHBBRG. 

This  cheese  is  made  from  a  mixture  of  cow's  and  goat's  milk  in  the  Tyrol.  The 
cheese  weighs  45  pounds  and  is  20  inches  in  diameter  and  4  inches  high. 

JOSEPHINE. 

This  is  a  soft  cured  rennet  cheese  made  from  whole  cow's  milk  in  Silesia.  It  is  put 
up  in  small  cylindrical  packages. 

KAJMAK. 

The  Turkish  word  Kajmak  signifies  cream  and  is  ■\^aed  to  designate  a  product  made 
in  Servia  and  sometimes  known  as  Servian  butter.  This  product  is,  however,  analo- 
gous to  a  cream  cheese.  The  milk  is  boiled  and  put  into  large  shallow  vessels  usually 
made  of  wood,  and  allowed  to  stand  for  twelve  hours,  when  the  cream  is  removed  and 
usually  salted.  The  flavor  varies  greatly  with  the  age  of  the  sample  and  is  said  to  be 
between  that  of  a  goat's-milk  cheese  and  Roquefort. 

KASCAVAL. 

This  is  a  loaf-shaped  rennet  cheese  weighing  from  4  to  6  pounds,  made  from  sheep's 
milk  in  Bulgaria,  Roumania,  and  Transylvania.  Groat's  milk  is  sometimes  added. 
Considerable  quantities  of  the  cheese  are  exported. 

KATSCHKAWALJ. 

This  is  a  sheep's-milk  cheese  made  in  Servia.  The  milk  is  curdled  with  rennet 
and  the  curd  is  drained  and  inclosed  in  tin  cans  which  are  put  into  boiling  water.  The 
curd  is  subsequently  worked  by  hand  and  molded  into  various  shapes.  A  cheese 
weighs  ordinarily  about  6  pounds. 

KJARSGAARD. 

This  is  a  hard  rennet  cheese  made  in  Denmark  from  skimmed  cow's  milk. 
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KLOSTBR. 

This  is  a  soft  ripened  rennet  cheese  made  from  unskimmed  cow's  milk.  It  has  a 
somewhat  unusual  shape,  1  by  1  by  4  inches,  and  weighs  less  than  one-fourth  pound. 

K0L08-M0N0ST0R. 

This  is  a  sheep's-milk  rennet  cheese  made  in  the  agricultural  school  in  Transyl- 
vania.   The  cheese  is  rectangular  in  shape,  8}  by  5  by  3  inches,  and  weighs  4  pounds. 

KOPPBN. 

Koppenkase  is  a  goat's-milk  cheese  made  in  Germany.  The  milk  is  set  at  80^  to 
85**  F.,  and  after  the  whey  has  been  dipped  off  the  curd  is  put  into  a  cup-shaped  ves- 
sel which  gives  form  to  the  cheese  and  also  the  name.  The  cheese  is  placed  in  a  warm 
room  and  sprinkled  with  salt.  It  is  allowed  to  dry  for  from  two  to  three  days  and  is 
then  placed  in  the  ripening  room.  The  ripened  cheese  weighs  from  3  to  4  ounces.  It 
has  a  sharp,  pungent,  slightly  smoky  flavor. 

KOSHER. 

This  cheese  under  various  names  is  made  in  several  countries.  It  is  a  coVs-milk 
rennet  cheese  made  for  the  Jewish  trade.  The  process  of  manufocture  resembles  that 
of  LimbuTg.    The  cheese,  however,  is  eaten  fresh. 

'     KOSHER  QOUDA. 

This  is  a  cheese  made  especially  for  the  Jewish  trade.  It  is  identical  with  a  Gouda 
cheese  in  every  way  except  in  size  and  in  having  no  bladder  covering.  It  weighs 
from  4  to  6  pounds  and  is  8}  inches  in  diameter  and*  3  inches  thick.  It  bears  a  stamp 
which  identifies  it  to  the  Jewish  consumer.  Small  quantities  are  imported  into  this 
country. 

KRUTT. 

Krutt,  or  Kiigischerk&se,  is  made  by  the  nomadic  tribes  of  the  middle  Asiatic 
Steppes  from  sour  skim  milk  of  the  cow,  goat,  sheep,  or  camel.  When  the  milk 
coagulates  salt  is  added  and  the  curd  is  hung  up  in  a  sack  to  drain,  after  which  it  is 
subjected  to  moderate  pressure.  The  curd  is  then  made  up  into  small  balls  which 
are  placed  in  the  sun  to  dry. 

KUHBACH. 

This  is  a  soft  ripened  rennet  cheese  made  from  whole  or  partly  skimmed  cow's 
milk.  It  is  a  German  product,  made  in  upper  Bavaria.  It  is  cylindrical  in  shape, 
weighs  2  pounds,  and  is  6  inches  in  diameter  and  3  inches  high. 

LAGUIOLE. 

This  is  a  hard  rennet  cheese  varying  but  little  if  any  from  Cantal  and  resembling 
Roquefort.  It  derives  its  name  from  the  village  of  Laguiole  in  the  Department  of 
Aveyron,  France.  The  cheese  is  made  extensively  in  the  mountains  of  Aubrac,  where 
it  is  said  to  have  been  made  at  the  time  of  the  Roman  occupation.  The  milk,  either 
whole  or  partly  skimmed,  is  set  with  rennet,  the  time  allowed  being  about  thirty  min- 
utes. The  curd  is  allowed  to  ferment  for  about  twenty-four  hours  and  is  then  put  into 
hoops  and  pressed.  At  least  one  month  is  required  for  ripening.  Laguiole  or  Guiole 
cheese  is  considered  superior  to  Cantal,  although  the  two  varieties  are  made  in  essen- 
tisdly  the  same  way. 

LANCASHIRE. 

This  is  an  English  cheese  named  from  the  county  in  which  it  is  made.  The  even- 
ing's milk  is  partly  skimmed  and  is  heated  so  that  when  the  morning's  milk  is  added 
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the  temperature  of  the  whole  is  brought  to  8(P  F.,  or  slightly  higher.  Enough  rennet 
ijs  added  to  coagulate  the  milk  in  one  hour.  The  curd  is  broken  up,  stirred  for  a  short 
time,  and  pressed  on  the  bottom  of  the  vat  by  means  of  a  heavy  sieve.  The  whey  is 
6oon  drained  off  and  the  curd  is  ground  in  a  curd  mill  into  particles  the  size  of  kernels 
of  com  and  then  put  into  the  press.  Salting  is  done  in  brine  in  which  the  cheese  is 
placed  for  four  to  six  days.  From  the  brine  tank  the  cheese  is  transferred  to  the  curing 
room. 

LANGRES. 

This  is  a  soft  rennet  cheese  made  in  the  northeastern  part  of  France.  It  derives  its 
name  from  the  village  of  Langres  in  the  Department  of  Haute-Mame,  where  it  is  said 
to  have  been  made  since  the  time  of  the  Merovingian  kings.  The  perfectly  fresh  milk 
is  set  with  rennet  at  a  temperature  of  about  90^  to  95°  F.  After  standing  for  several 
hours  it  is  put  into  cylindrical  forms.  The  cheeses  ripen  for  about  two  to  three  months. 
A  ripened  cheese  weighs  from  1)  .to  2  pounds  and  Ib  about  5  inches  in  diameter  and  8 
inches  high.    The  cheese  is  consumed  for  the  most  part  in  the  r^on  where  made. 

LAPLAND. 

The  Laplanders  make  a  variety  of  cheese  from  the  milk  of  the  reindeer.  It  resem- 
bles very  much  the  harder  varieties  of  the  Emmental  group.  The  cheese  has  a  very 
unusual  shape.  It  is  round  and  flat  and  is  so  formed  that  a  cross  section  would  resem- 
ble a  dumbbell  with  angular  instead  of  round  ends. 

LATTICINI. 

This  is  applied  to  cheeses  made  from  the  milk  of  buffaloes,  particularly  in  the  region 
of  Naples,  but  also  in  other  parts  of  Italy. 

LEATHER. 

Leather,  Leder,  or  Holstein  dairy  cheese  is  made  in  Schleswig-Holstein,  from 
skimmed  cow's  milk  with  an  addition  of  from  5  to  10  per  cent  of  buttermilk. 

The  milk  is  set  at  from  95°  to  100°  F.  and  requires  twenty-five  to  thirty-five  minutes 
for  coagulation.  It  is  then  broken  up  with  a  harp  or  a  stirring  stick,  and  is  stirred  with 
a  Danish  stirrer.  When  Ihe  particles  are  reduced  to  the  size  of  peas  the  curd  is  piled 
up  on  one  side  of  the  vat  or  kettle  and  allowed  to  stand  for  ten  minutes.  The  whey  is 
then  dipped  off.  The  curd  is  cut  with  a  knife  into  pieces  the  size  of  the  hand,  put  in 
a  wooden  or  tin  bowl,  and  pressed  for  one-half  hour,  when  it  is  cut  into  pieces  and 
run  through  a  cheese  mill.  It  is  then  salted,  put  in  a  cloth,  and  again  put  in  the  press, 
where  the  pressure  is  gradually  increased.  The  cheese  is  turned  occasionally  and  a 
fresh  dry  cloth  supplied.  After  twelve  hours  of  pressing  the  cheese  is  put  into  the 
salt  bath,  where  it  is  kept  forty  to  forty-eight  hours.  It  is  then  transferred  to  the 
ripening  cellar,  where  it  is  wiped  with  a  dry  cloth  every  day  for  about  a  week  and 
thereafter  twice  a  week,  the  ripening  requiring  about  four  months.  The  cured  cheese 
has  small  eyes;  it  is  made  cylindrical,  and  is  4  to  6  inches  in  height  and  10  to  12  inches 
in  diameter.     It  weighs  15  to  25  pounds. 

LEICESTER. 

This  is  a  hard  rennet  cheese  made  from  whole  cow's  milk.  It  is  named  from  a 
county  in  England  where  it  is  made.  It  resembles  the  better  known  Cheshire  and 
Cheddar  in  every  way. 

Evening's  and  morning's  milk  are  mixed  and  set  at  a  temperature  of  from  76°  to 
84°  F.  The  curd  is  allowed  to  set  very  firm,  which  requires  ninety  minutes.  It  is 
cut  very  carefully  and  allowed  to  settle  twenty  minutes,  when  the  whey  is  drawn  off. 
The  curd  is  then  gathered  in  a  cloth,  pressed,  and  broken  up  several  times  until  a 
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certain  degree  of  dryness  has  been  attained,  and  then  salted  lightly  and  put  to  press. 
Pl'esBure  is  continued  for  five  days,  the  cheese  being  removed  and  salted  on  the  out- 
side each  day. 

LBYDEN. 

This  is  a  hard  rennet  cheese  made  in  Holland,  where  it  is  known  also  as  Beigues, 
Delft,  Komynde,  Koejekaars,  and  Hobbe.  The  milk,  which  is  either  partly  or 
entirely  skimmed,  is  set  with  rennet  at  72^  to  75®  F.  It  is  allowed  to  stand  for  one 
hour,  when  the  curd  is  cut  and  then  stirred  while  being  warmed  up  to  97®.  The  heat- 
ing is  done  by  pouring  hot  whey  over  the  curd.  The  curd  is  then  dipped  out  with  a 
cloth  and  kneaded  by  hand.  Caraway  seed  is  added  to  a  portion  of  the  curd  which, 
in  filling  the  hoops,  constitutes  the  middle  of  three  layers.  The  cheese  is  then  put  in 
press.  It  is  turned  after  three  hours  and  a  fresh  cloth  applied.  The  pressing  con- 
tinues for  twenty-four  hours.  Salting  is  done  on  the  surface  daily.  If  the  rind  be- 
comes hard  it  is  washed  in  whey  or  water,  and  occasionally  milk  is  smeared  on  the 
surface.  The  surface  is  colored  with  litmus  in  alkaline  water.  A  ripened  cheese 
weighs  about  25  pounds  and  is  12  inches  in  diameter  and  3)  to  5  inches  in  thickness. 
As  seen  on  the  American  market  it  has  a  very  dark-brown  surface. 

LIMBURG. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk  which  may  contain  all  of  the  fat 
or  be  partly  or  entirely  skimmed.  The  best  Limburg  is  undoubtedly  made  from 
whole  milk.  This  cheese  has  a  very  strong  and  characteristic  odor  and  taste.  The 
cheese  is  about  6  by  6  by  3  inches  and  weighs  about  2  pounds. 

The  most  common  synonyms  of  Limburg  are  Backstein  and  Herv6.  There  are, 
however,  many  local  names  for  this  kind  of  cheese,  such  as  Algau,  Lanark,  Marianhof, 
Morin,  St.  Michels,  Schdtzen,  Tanzenberg,  Carinthian,  Grottenhof,  Emmersdorf, 
Briol,  and  Lindenhof. 

Limburg  cheese  originated  in  the  province  of  LUttich,  Belgium,  in  the  neighbor- 
hood of  Herv^,  and  was  marketed  in  Limburg,  Belgium.  Its  manufacture  has  spread 
to  Germany  and  Austria,  where  it  is  very  popular,  and  to  the  United  States,  where 
large  quantities  are  made,  mostly  in  New  York  and  Wisconsin. 

Sweet  milk  is  set  without  any  coloring  matter  at  a  temperature  of  from  91®  to  96® 
F.  with  sufficient  rennet  to  coagulate  the  milk  in  about  forty  minutes.  In  foreign 
countries  a  kettle  is  \ised  but  in  the  United  States  an  ordinary  rectangular  cheese  vat 
is  found  to  be  more  satisfactory.  The  curd  is  cut  or  broken  into  pieces  about  one- 
third-inch  cube  and  is  stirred  for  a  short  time  without  additional  heating.  It  is  then 
dipped  into  rectangular  forms,  28  inches  long,  5)  inches  broad,  and  about  8  inches 
deep.  These  forms  are  kept  on  a  draining  board  where  the  whey  drains  out  freely. 
When  the  cheese  has  been  in  the  forms  with  frequent  turnings  for  a  sufficient  length 
of  time  to  retain  its  shape  it  is  removed  to  the  salting  table,  where  the  surface  is  rubbed 
with  salt  daily.  When  the  surface  of  the  cheese  commences  to  get  slippery,  the 
cheese  is  put  in  a  ripening  cellar  having  a  temperature  of  about  60®.  Wliile  in  the 
cellar  the  surface  of  each  cheese  is  rubbed  thoroughly  at  frequent  intervals.  Ripen- 
ing requires  one  to  two  months.  When. ripe  the  cheese  is  wrapped  in  paper,  and  then 
in  tin  foil,  and  put  m  boxes  each  containing  about  50  cheeses. 

No  Limburg  is  imported  into  this  country  at  the  present  time,  contrary  to  the 
popular  belief.  The  type  of  cheese  is  made  so  cheaply  and  of  such  good  quality  in 
this  country  that  the  foreign  make  has  been  crowded  out  of  the  market. 

LIPTAU. 

This  cheese  is  made  in  the  Provinces  of  Liptau,  Saros,  and  Arva,  in  Austria,  from 
sheep's  milk.  Condiments,  especially  red  pepper,  are  usually  added.  It  is  rather 
greasy  and  has  a  sharp  taste.  The  details  of  manufacture  arc  the  same  as  for  Brinsen 
cheese. 
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LIVAROT. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk  more  or  less  skimmed.  It  derives 
its  name  from  the  village  of  Livarot  in  the  Department  of  Calvados,  France,  where  the 
industry  is  centralized.  This  cheese  has  the  advantage  over  Camembert  made  in  the 
same  region  in  that  it  may  be  manufactured  and  consumed  during  the  warm  months. 

The  milk  is  set  with  rennet  at  a  temperature  of  95^  to  104^  F.  After  one  and  one-half 
to  two  hours  the  curd  is  cut  and  placed  on  a  rush  mat  or  a  cloth  and  allowed  to  drain 
for  about  fifteen  minutes,  during  which  time  it  is  crumbled  as  finely  as  possible.  '  It  is 
then  put  into  tin  hoops  or  forms  6  inches  in  diameter  and  the  same  in  height.  The 
cheeses  are  turned  very  frequently  until  they  become  firm,  when  they  are  salted  and 
left  on  the  draining  board  for  four  or  five  days.  At  this  stage  they  are  sometimes  sold 
as  white  cheese,  but  more  often  they  are  transferred  to  a  well-ventilated  room  for 
fifteen  to  twenty  days  and  then  to  the  curing  cellar,  which  is  kept  very  tightly  closed. 
By  thus  retaining  the  ammonia  and  other  products  the  cheese  acquires  a  strong, 
piquant  taste.  During  ripeniiiqy^  the  cheeses  are  turned  two  or  three  times  a  week 
and  occasionally  wiped  with  a  cloth  moistened  with  salt  water.  After  ripening  for 
ten  to  twelve  days  they  are  wrapped  with  the  leaves  of  Typha  UdifoUa,  commonly 
called  laiche.    In  three  to  five  months  they  are  colored  with  annatto  and  marketed. 

LORRAINE. 

This  IB  a  small  sour-milk  hand  cheese  made  in  Lorraine,  Germany,  and  regarded 
as  a  delicacy  in  that  country.  It  is  seasoned  with  pepper,  salt,  and  pistachio  nuts, 
and  is  eaten  in  a  comparatively  fresh  state.  The  cheeses  are  made  in  sizes  of  about  2 
ounces  and  sell  for  a  very  high  price — at  the  rate  of  about  50  cents  a  pound. 

lOnbberg. 

This  cheese  is  made  in  the  small  valleys  of  the  Voralberg  Mountains  in  the  western 
part  of  Austria.  The  art  of  cheese  making  in  this  locality  was  imported  from  Switzer- 
land, and  the  copper  kettle  and  characteristic  presses  are  used.  Saffron  is  used  for 
coloring,  and  the  milk  is  warmed  in  the  copper  kettle  to  87®  to  90*  F.,  at  which  tem- 
perature the  rennet  is  added,  enough  being  used  to  coagulate  the  milk  in  twenty  to 
thirty  minutes.  The  curd  is  cut  into  pieces  the  size  of  hazelnuts  and  is  cooked  with 
stirring  to  a  temperature  of  122®.  The  curd  is  dipped  into  cloths  which  are  put  into 
wooden  forms  and  light  pressure  is  applied.  The  curd  remains  in  the  press  for  twenty- 
four  hours,  during  which  time  it  is  turned  occasionally  and  a  dry  cloth  supplied.  The 
cheese  is  then  taken  to  the  cellar  and  is  salted  on  the  surface.  In  the  cellar  it  is  rubbed 
and  washed  occasionally.  When  ripe  it  is  said  to  be  about  midway  in  type  between 
Emmental  and  Limburg. 

MACONNAIS. 

This  is  a  French  goat's-milk  cheese,  2  inches  square  by  1)  inches  thick. 

MACQUELINE. 

This  is  a  soft  rennet  cheese  of  the  Camembert  type,  4  inches  in  diameter  and  1\ 
inches  thick,  made  from  whole  or  partly  skimmed  milk  in  the  region  of  Senlis,  in  the 
Department  of  Oise,  France.  The  milk  is  set  with  rennet  at  a  temperature  of  about 
80®  F.  and  allowed  to  stand  for  five  hours,  when  the  curd  is  put  into  hoops.  After 
twenty-four  hours  the  hoops  are  removed  and  the  cheese  is  salted  and  taken  to  the 
curing  room,  where  it  remains  for  twenty  days  or  more.  A  cheese  weighs  about  one- 
fourth  of  a  pound  and  requires  about  2  liters  of  milk  in  its  manufacture.  The  cheese 
sells  at  a  lower  price  than  Camembert,  made  in  the  same  region. 
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maikXsb. 

This  ifl  a  cheese  resembling  Gouda.  It  is  made  in  Holland  in  the  early  summer,  is 
softer  than  the  regular  Gouda,  and  hence  can  be  marketed  at  an  earlier  period. 

MAINZ  HAND. 

This  is  a  typical  hand  cheese  sometimes  called  Pimp.  The  milk  is  treated  in  the 
usual  way,  and  the  curd  after  cooling  is  thoroughly  kneaded  by  hand,  the  thoroughness 
of  this  manipulation  influencing  the  quality  of  the  cheese.  The  curd  is  then  pressed 
by  hand  into  flat  cakes  and  allowed  to  dry  for  a  week.  They  are  then  packed  in  a  jar 
or  keg  and  placed  in  a  cellar  for  ripening.    This  requires  from  six  to  eight  weeks. 

MALAKOPF. 

This  is  another  form  of  NeufcfaAtel  cheese  about  2  inches  in  diameter  and  one-half 
of  an  inch  in  thickness.    It  may  b«  consumed  either  while  fresh  or  after  ripening. 

MANUR. 

This  cheese  is  made  in  Servia  from  either  sheep's  or  cow's  milk.  The  milk  is  flret 
heated  to  the  boiling  temperature  and  then  cooled  until  the  fingers  can  be  held  in  it. 
A  mixture  of  buttermilk  and  fresh  whey  with  rennet  is  added.  The  curd  is  lifted 
from  the  whey  in  a  cloth  and  allowed  to  drain,  when  it  is  kneaded  like  bread,  lightly 
salted,  and  dried. 

MAQU^E. 

This  is  a  soft  rennet  brick-shaped  cheese  made  from  cow's  milk  in  Belgium.  It 
is  known  where  made  as  Fromage  Mou. 

MARKISCH  HAND. 

This  cheese  is  similar  to  a  hand  cheese.  The  milk  is  treated  in  the  same  way  as 
in  hand  cheese  up  to  the  salting.  The  curd  is  then  put  in  a  linen  sack  and  heavy 
pressure  is  applied.  The  mass  is  then  cut  into  oblong  pieces  and  allowed  to  dry  and 
cure  as  regular  hand  cheese. 

MAROILLES. 

This  is  a  soft  rennet  cheese  of  the  Pont  TJ^v^ue  type  made  from  whole  or  partly 
sldmmed  cow's  milk  in  the  Departments  of  Aisne  and  Nord,  France.  There  are 
several  kinds  varying  in  size,  shape,  and  details  of  manufacture,  of  which  the  Tuile 
de  Flandre  and  Larron  are  best  known.  The  cheese  as  made  at  Maroilles  is  about  6 
inches  square  and  2  inches  thick;  that  made  at  Saint  Aubin  5  inches  square  and  3 
inches  thick.  The  Larron  is  about  2}  inches  square  and  1}  inches  thick,  and  weighs 
about  6  ounces.  The  Tuile  de  Flandre  is  about  twice  as  laige.  The  Dauphin  is 
semilunar  in  shape  and  contains  herbs.  A  pear-shaped  form  designated  Boulette 
may  be  made  in  part  from  buttermilk. 

The  best  cheese  is  made  from  fresh  whole  milk,  although  the  most  of  it  is  made 
from  milk  partly  or  entirely  skimmed.  The  temperature  of  setting  with  rennet  is 
about  76**  F.  and  the  time  allowed  from  one  to  four  hours.  The  curd  is  drained  for 
one  to  two  hours  in  a  box  having  a  perforated  bottom,  and  is  then  put  into  square 
forms  or  hoops  5  to  6  inches  on  a  side  and  3  to  4  inches  high.  The  cheese  is  turned 
frequently  until  firm  and  then  salted  on  all  six  faces  and  taken  to  the  curing  cellar 
where  it  is  washed  frequently  with  salt  water  to  prevent  the  growth  of  molds.  Ripen- 
ing requires  three  to  five  months.    Defective  cheeses  are  said  to  be  common. 
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MASCARPONE. 

This  ifi  an  Italian  cream  cheese  about  2  inches  in  diameter  and  2}  inches  in  height. 
The  cream  is  heated  to  about  194^  F.  and  dilute  acetic  or  tartaric  acid  is  added.  The 
mixture  is  stirred  and  drained  through  cloth  and  then  put  into  molds.  It  is  eaten  in 
a  fresh  condition. 

MECKLENBURG  SKIM. 

This  is  a  rennet  cheese  made  from  skim  milk  and  named  from  the  province  in 
which  it  is  made.  The  milk  is  placed  in  a  copper  kettle  and  warmed  with  steam. 
Saffron  is  added  for  coloring  and  sufficient  rennet  is  used  to  coagulate  the  milk  in  30 
minutes.  The  curd  is  broken  up  into  particles  the  size  of  peas.  The  temperature  is 
raised  to  92**  F.  in  12  minutes.  The  curd  is  then  removed  from  the  kettle  by  means 
of  a  cloth  and  put  into  a  hoop  and  pressure  applied.  This  is  increased  gradually 
until  it  reaches  fifteen  times  the  weight  of  the  cheese  in  twenty-four  hours.  The 
cheese  is  then  placed  in  a  drying  room  held  at  70^  until  a  rind  is  formed.  As  much 
salt  is  then  sprinkled  on  the  surface  as  can  be  absorbed.  In  the  meanwhile  the  cheese 
is  taken  from  the  drying  room  and  placed  in  the  regular  curing  room,  which  has  a 
temperature  of  60°  and  a  relative  humidity  of  85  to  95  per  cent. 

MIGNOT. 

This  is  a  soft  rennet  cheese  either  cylindrical  or  cubical  in  form.  It  has  been 
made  in  the  Department  of  Calvados,  France,  for  over  one  hundred  years  and  resembles 
Pont  ri^vdque  and  Livarot.  There  are  two  types  of  this  cheese,  designated  white 
and  pass^;  the  first,  a  fresh  cheese,  is  made  during  the  period  from  April  to  September, 
and  the  second,  a  ripened  cheese,  is  made  during  the  remainder  of  the  year. 

itfONTASIO. 

This  cheese  originated  in  the  part  of  Carinthia,  in  Austria,  called  Friaul,  wherp  the 
annual  product  is  now  valued  at  $600,000.  At  the  present  time  it  is  made  not  only 
in  Carinthia,  but  in  the  neighboring  provinces  and  in  Italy. 

The  milk,  either  whole  or  partly  skimmed,  and  consisting  usually  of  a  mixture  of 
cow's  and  goat's  milk,  is  heated  in  a  kettle  to  95°  F.  and  sufficient  rennet  is  added  to 
coagulate  it  in  thirty  to  forty  minutes.  It  is  then  cut  very  carefully  to  the  size  of  peas 
and  heated  gradually  to  a  temperature  of  120°.  When  the  desired  temperature  is 
reached,  which  is  usually  in  about  one-half  hour,  heating  Ib  stopped  and  the  stirring 
continued  for  thirty  to  forty  minutes.  Some  of  the  whey  is  dipped  from  the  kettle 
and  the  curd  is  removed  by  means  of  a  cloth.  The  cheese  is  pressed  for  twenty-four 
hours,  during  which  time  it  is  turned  frequently.  The  salting  requires  usually  about 
one  month,  the  total  amount  applied  varying  from  2i  to  3  per  cent  of  the  weight  of  the 
pressed  cheese.  After  salting,  the  cheese  is  taken  to  a  well-ventilated  room  and 
allowed  to  dry.  In  this  room  the  cheese  is  turned  frequently  and  rubbed  in  order  to 
free  it  from  molds.  When  dry  it  is  scraped  carefully  and  taken  to  the  curing  cellar. 
The  cheese  is  here  rubbed  frequently  with  a  coarse  cloth,  and  when  the  rind  has 
become  firm  and  does  not  show  the  presence  of  mold,  olive  oil  is  usually  applied. 
Sometimes  the  rind  is  colored  black  by  means  of  soot. 

The  fresh  cheese  is  almost  white.  The  old  cheese  becomes  yellow,  granular,  and 
has  a  sharp  taste  and  characteristic  odor.  It  is  usually  eaten  when  three  to  twelve 
months  of  age,  but  may  be  kept  much  longer  and  then  grated. 

MONTAVONER. 

This  is  a  sour-milk  cheese  made  in  Austria.  During  the  process  of  manufacture 
dried  herbs  (Achillea  moschata  and  A.  atrata)  are  added. 
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MONT  CENIS. 

This  is  a  hard  rennet  cheese  resembling  the  imitation  Roquefort  varieties  like  Gex 
and  Septmoncel  and  made  in  the  region  of  Mont  Cenis,  in  the  8f)utheastem  part  of 
France.  The  milk  used  is  usually  a  mixture  of  cow's,  sheep's,  and  goat's.  The 
evening's  milk  is  usually  skimmed  and  added  to  that  of  the  morning.  Primitive 
methods  of  cheese  making  are  employed.  The  milk  is  set  with  rennet  at  a  tempera- 
ture of  about  85°  F.  The  curd  is  then  cut  and  allowed  to  drain  for  twenty-four  hours, 
when  fresh  curd  is  thoroughly  mixed  with  it.  The  mixture  is  then  put  into  molds  and 
moderate  pressure  applied.  After  turning  frequently  for  several  days  and  salting  it 
is  transferred  to  the  curing  cellar,  where  it  is  turned  frequently,  washed  with  salt 
water  to  check  the  growth  of  molds  on  the  surface,  and  allowed  to  ripen  for  three  to 
four  months.  The  ripening  is  due  mainly  to  a  penicillium  which  is  sometimes  incor- 
porated in  the  curd  by  means  of  moldy  bread.  A  ripened  cheese  is  about  18  inches  in 
diameter,  6  to  8  inches  in  height,  and  weighs  about  25  pounds. 

MONT  D'OR. 

This  is  a  soft  rennet  cheese  of* the  Pont  I'Ev^ue  type  formerly  made  from  goat's 
milk  but  now  made  almost  exclusively  from  cow's  milk.  Sometimes  a  small  amount 
of  goat's  milk  is  added  to  the  cow's  milk. 

It  derives  its  name  from  Mont  d'Or,  near  Lyons,  in  the  Departmentof  Rhdne,  France, 
where  it  is  said  to  have  been  made  for  over  three  centuries.  At  the  present  time  it  is 
made  not  only  in  Rhone  and  neighboring  Departments  but  in  the  other  parts  of  France, 
especially  Eure  and  Oise. 

Whole  or  partly  skimmed  milk  is  set  with  rennet  at  a  temperature  of  90°  to  100°  F. 
The  curd,  in  from  one-half  hour  to  two  hours  after  the  addition  of  the  rennet  to  the 
milk  and  with  or  without  cutting,  is  put  into  circular  forms  or  hoops  about  4i  inches 
in  diameter  and  3  inches  high.  These  rest  upon  a  draining  board  covered  with  straw. 
After  about  one  hour  the  cheese  is  turned,  and  frequently  thereafter  until  firm.  A 
disk  with  a  light  weight  is  sometimes  placed  upon  each  cheese  in  order  to  hasten  the 
removal  of  the  whey.  The  cheese  is  salted  on  the  surface.  Much  of  it  is  sold  in  a 
fresh  condition.  It  is  also  ripened  for  about  one  week  in  summer  and  two  to  three 
weeks  in  winter,  during  which  time  it  is  turned  frequently  and  washed  with  salt  water 
to  prevent  the  growth  of  molds. 

monthl6ry. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk  in  Soine-et-Oise,  France.  A 
laige  cheese  is  about  2  inches  thick  and  14  inches  in  diameter  and  weighs  about  SJ 
pounds.  There  is  also  a  smaller  sized  cheese  which  weighs  about  3  pounds.  Either 
whole  milk  or  partly  skimmed  milk  is  used.  Rennet  is  added  to  the  milk  at  ordinary 
temperatures,  and  the  curd  when  sufficiently  firm  is  broken  up,  put  into  molds,  and 
subjected  to  pressure.  After  salting  the  cheese  b  cured  for  eight  to  fifteen  days  in  a 
so-called  drying  room  and  then  ripened  in  a  cellar  at  a  temperature  ol  about  55°  F. 
During  ripening  the  cheese  becomes  covered  at  first  with  a  whitish  mold  and  later 
with  a  blue  mold  in  which  red  spots  appear.  It  is  ready  for  sale  at  the  end  of  about 
one  month. 

MOZARINELLI. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk  in  Italy. 

MONSTER. 

Mfinster  is  a  rennet  cheese  made  from  unskimmed  cow's  milk  in  the  western  part  of 
Germany,  near  the  Vosges  Mountains,  and  named  from  the  city  of  MOnster,  near  which 
it  is  made.  Similar  cheese  made  in  the  neighboring  portion  of  France  is  called  G6- 
rom^,  and  Mlinster  cheese  made  near  Colmar  and  Strassbuig  is  sometimes  given  the 
names  of  these  two  cities. 
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The  milk  is  set  at  about  90®  F.  with  sufficient  rennet  to  coagulate  it  in  thirty  minutes. 
The  curd  Is  then  broken  up  and  allowed  to  stand  for  thirty  to  forty-five  minutes  with- 
out stirring,  when  it  is  dipped  with  a  sieve  which  holds  back  the  small  particles  of 
curd  and  gives  a  slight  pressure  to  the  curd.  After  removing  the  whey  the  curd  is 
scooped  into  forms  or  hoops  and  caraway  or  anise  seed  is  usually  added.  The  hoops 
are  made  in  two  parts,  the  lower  of  which  is  4  inches  high  and  7  inches  in  diameter 
with  holes  in  the  bottom  for  draining,  and  the  upper  of  which  is  of  the  same  dimen- 
sions. The  whole  resembles  an  ordinary  cheese  hoop  with  bandages.  The  hoop  is 
lined  with  cheese  cloth.  After  the  curd  has  been  in  the  hoop  for  twelve  hours  the 
upper  part  of  the  hoop  can  be  removed.  The  cheese  is  turned  and  the  cloth  removed. 
The  cheese  is  now  put  in  the  upper  portion  of  the  hoop  and  turned  frequently  for  four 
to  six  days.  The  temperature  is  held  in  the  meanwhile  at  68®.  After  salt  has  been 
rubbed  on  the  surface  daily  for  three  days  the  cheese  is  taken  to  the  cellar,  which  has 
a  temperature  of  51°  to  55®.  where  it  is  allowed  to  ripen  for  two  to  three  months.  The 
cheese  sells  for  about  15  cents  a  pound  when  ripe. 

MYSOST.       > 

MyBOSt  is  made  from  whey  and  is  a  product  of  Norway,  Sweden,  and  Denmark,  and 
to  a  very  limited  extent  of  the  United  States.  It  has  a  light-brown  color,  a  buttery 
consistency,  and  a  mild,  sweetish  taste. 

The  method  of  manufacture  is  as  follows:  As  soon  as  the  curd  of  the  regular  cheese  is 
removed  from  the  whey,  the  whey  is  strained  and  is  put  in  a  kettle  or  large  pan  over 
the  fire  and  the  albuminous  material  which  rises  to  the  surface  is  skimmed  off.  The 
whey  is  evaporated  as  rapidly  as  possible  with  constant  and  thorough  stirring.  When 
it  has  reached  about  one-fourth  its  original  volume  the  albumin  previously  skimmed 
off  is  returned  and  stirred  thoroughly  to  break  up  all  possible  lumps.  When  the  whey 
has  attained  the  consistency  of  thickened  milk  it  is  poured  quickly  into  a  wooden 
trough  and  stirred  with  a  paddle  until  cool  to  prevent  the  formation  of  sugar  crystals. 
This  can  then  be  molded  into  the  desired  form.  In  this  country  it  is  usually  made 
into  cylindrical  shapes  and  wrapped  in  tin  foil. 

NIBHEIM. 

This  is  a  sour-milk  cheese  made  in  Westphalia  and  named  from  a  city  in  that  prov- 
ince. The  sour  milk  is  heated  to  a  temperature  of  100®  to  120®  F.  The  curd  is  collected 
in  a  cloth  and  allowed  to  stand  for  twenty-four  hours,  when  it  is  worked  until  in  a 
fine  condition.  The  curd  is  made  up  into  cakes  which  are  put  into  a  cellar  and  turned 
frequently  for  five  to  eight  days.  It  is  then  broken  up,  and  salt  and  caraway  seed, 
and  sometimes  beer  or  milk,  are  added.  The  cheese  is  covered  lightly  with  straw  and 
finally  packed  in  casks  with  hops  and  allowed  to  ripen. 

NESSEL. 

This  is  a  soft-cured  rennet  cheese  made  from  unskimmed  cow's  milk.  It  is  an  Eng- 
lish product  and  is  made  round  and  very  thin. 

neufchAtel. 

This  is  a  soft  rennet  cheese  made  extensively  in  the  Department  of  Seine-Inf^rieure, 
France,  from  cow's  milk  either  whole  or  skimmed.  Bondon,  Malakoff,  Petit  Carr6, 
and  Petit  Suisse  are  essentially  the  same  as  Neufch&tel,  but  have  slightly  different 
shapes. 

The  milk,  preferably  fresh,  is  set  at  85®  F.  with  only  so  much  rennet  as  is  necessary 
to  secure  the  desired  coagulation  in  twenty-four  hours  in  summer  and  from  thirty-six 
to  forty-eight  hours  in  winter.  The  curd  is  then  inclosed  in  cheese  cloth  and  drained 
for  twelve  hours,  after  which  it  is  subjected  to  pressure  for  another  period  of  twelve 
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hours.  It  is  then  thoroughly  kneaded  by  hand,  or  in  the  larger  factories  by  means  of  a 
curd  mill,  and  pressed  into  tin  cylinders  about  2  inches  in  diameter  and  3  inches  high. 
The  cheeses  are  removed  soon  from  the  molds,  salted,  and  replaced.  After  draining 
for  twenty-four  hours  they  are  transferred  to  the  so-called  drying  room,  where  they 
become  covered  with  white  and  later  with  blue  molds.  They  are  then  taken  to  the 
curing  cellar,  where  the  ripening  process  is  continued  for  three  to  four  weeks.  The 
appearance  of  red  spots  on  the  surface  is  taken  as  an  indication  that  the  ripening  has 
progressed  far  enough.    The  cheeses  are  then  wrapped  in  tin  foil  and  marketed. 

NEW  MILK. 

This  cheese  is  made  in  Holland.  The  process  of  manufacture  resembles  that  of 
Gouda  cheese.  It  is  made  only  in  limited  quantities  at  the  beginning  of  the  summer 
season  and  is  eaten  fresh. 

NOSTRALB. 

This  name  is  applied  locally  to  two  kinds  of  rennet  cheese  made  from  cow's  milk  in 
the  mountainous  regions  of  northwestern  Italy.  The  hard  cheese,  designated  For- 
maggio  Duro,  is  made  during  the  spring  while  the  herds  are  still  in  the  valleys,  and  the 
soft  cheese,  Formaggio  Tenero,  during  the  summer  when  they  are  pastured  in  the 
mountains.  The  cheese  is  said  to  be  a  very  old  variety  and  the  methods  of  manufac- 
ture to  have  remained  primitive.  A  cheese  designated  Raschera  made  in  the  region 
of  Mondovi  is  probably  the  same  as  Nostrale. 

OLIVET. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk.  The  manufacture  of  this  variety 
originated  south  of  Orleans,  in  the  Department  of  Loiret,  France.  The  industry  is 
now  carried  on  north  of  Orleans  near  Olivet,  to  which  place  the  cheese  doubtless  owes 
its  name.  There  are  three  forms  of  this  cheese,  designated  white  or  summer  cheese, 
blue  or  the  ordinary  half -ripened  form,  and  ripened.  In  general  the  process  of  manu- 
^ture  resembles  that  of  Camembert.  The  ordinary  form  is  made  from  either  whole 
milk  or  partly  skimmed  milk.  About  two  hours  after  the  addition  of  rennet  the  curd 
is  placed  in  a  receptacle  having  holes  in  the  bottom  and  sides  and  allowed  to  drain  for 
twenty-four  hours,  when  it  is  put  into  forms  about  6  inches  in  diameter.  The  cheese 
is  turned  and  salted  the  next  day  and  about  one  day  later  is  taken  to  the  first  curing 
room,  where  it  is  placed  on  shelves  covered  with  straw.  This  room  is  kept  at  a  tem- 
perature of  about  66®  F.  Here  the  cheese  becomes  red  in  a  few  days  and  later  blue. 
The  blue  color  is  a  sign  of  maturity,  and  its  appearance  requires  from  ten  to  fifteen 
days  in  summer  and  one  month  in  winter.  The  cheese  is  then  ready  for  marketing. 
When  properly  cared  for  it  may  remain  in  good  condition  for  several  months.  The 
form  ^designated  ripened  is  made  in  the  same  way  until  the  blue  color  appears,  when 
the  cheese  is  put  into  the  curing  cellar  where  ripening  is  carried  to  a  much  further 
extent.  Ordinarily  this  requires  from  fifteen  to  thirty  days,  but  the  cheese  is  here 
sometimes  covered  with  ashes,  which  are  believed  to  hasten  the  ripening  process. 
The  &)rm  designated  white  or  summer  cheese  is  made  from  whole  milk  to  which  cream 
is  sometimes  added.  The  curd  is  obtained  in  the  ordinary  manner  and  pressed  into 
molds  in  which  it  is  sold  as  fresh  cheese,  summer  cheese,  white  cheese,  or  cream  cheese. 

olmOtzer  quargel. 

This  is  a  hand  cheese  made  extensively  in  the  western  part  of  Austria.  It  is  1} 
inches  in  diameter  and  one- third  of  an  inch  thick  and  contains  caraway  seed.  It 
is  made  with  5  per  cent  of  salt  and  after  drying  is  put  in  salt  whey  for  a  time.  It  is 
then  packed  in  kegs  and  ripened  for  eight  to  ten  weeks.  In  all  other  respects  the 
manufacture  is  identical  with  that  of  hand  cheese. 
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PAGLIA. 

This  ifi  a  more  or  less  successful  imitation  of  Gorgonzola  cheese,  made  in  the  Canton 
of  Ticino,  Switzerland.  A  cheese  is  8  inches  in  diameter  and  2  inches  in  thickness. 
The  milk  is  set  at  a  temperature  of  100**  F. ,  the  time  allowed  being  about  fifteen  minutes. 
The  curd  is  broken  up,  stirred,  and  put  into  hoops.  When  sufficiently  drained  the 
cheese  is  taken  to  a  cool  cellar  and  placed  on  straw,  where  fermentation  is  usually 
very  rapid  and  marked.  The  process  is  delayed  to  some  extent  by  excessive  salting, 
which  is  continued  for  about  one  month.  The  cheese  is  wery  soft  in  consistency  and 
has  a  pleasant  aromatic  flavor. 

PAGO. 

This  is  a  rennet  cheese  made  from  sheep's  milk  in  the  Island  of  Pago,  in  the  Province 
of  Dalmatia,  Austria.     It  is  put  up  in  sizes  weighing  from  one-half  to  8  pounds. 

PARMESAN. 

This  name  is  in  common  use  outside  of  Italy  for  the  cheese  made  and  known  in 
that  country  for  centuries  as  Grana,  the  term  grana  or  granona  referring  to  the  granular 
appearance  of  the  cheese  when  broken,  as  is  necessary  on  account  of  the  hardness  of 
the  cheese,  which  makes  cutting  practically  impossible.  There  are  two  quite  distinct 
kinds  of  this  cheese,  one  made  in  Lombardy  and  the  other  in  Emilia,  the  centers  of 
production  being  separated  by  the  River  Po.  Parma,  situated  in  Emilia,  has  long 
been  an  important  commercial  center  for  both  kinds,  and  to  this  fact  the  name  Par- 
mesan is  due.  The  use  of  the  term  Parmesan,. however,  is  sometimes  restricted  to 
the  cheese  made  in  Lombardy,  the  term  Reggian  being  used  to  designate  that  made 
in  Emilia.  Italian  writers  refer  usually  to  the  Lombardy  cheese  as  Cacio  or  Formaggio 
Grana  Lodigiano,  Lodi  being  an  important  center  of  trade,  and  to  the  Emilian  cheese 
as  Grana  Parmigiano  or  Reggiano.  The  Lodi  cheese  is  larger  and  made  from  a  poorer 
quality  of  milk  than  the  Reggian.  The  latter  is  colored  and  brings  a  much  higher 
price.  The  following  description  of  the  process  of  manufacture  applies  equally  well 
to  both  kinds. 

The  milk  which  has  been  skimmed  to  a  greater  or  less  extent  is  heated  in  copper 
kettles  to  a  temperature  varying  according  to  the  acidity  of  the  milk  from  90®  to  100**  F. 
The  kettle  is  then  removed  from  the  fire,  rennet  added,  and  the  kettle  covered  and 
allowed  to  stand  for  twenty  minutes  to  one  hour,  when  the  curd  is  cut  yery  fine  and 
cooked,  with  stirring,  to  115°  to  125°  for  fifteen  to  forty-five  minutes.  The  curd  is 
removed  from  the  kettle  by  means  of  a  cloth  and  after  draining  for  a  short  time  is  put 
into  hoops.  These  are  about  10  inches  high  and  18  inches  or  more  in  diameter  and 
are  lined  with  coarse  cloth  before  filling.  Pressure  is  then  applied  for  twenty-four 
hours,  the  cheese  being  turned  frequently  and  the  cloths  changed.  The  salting, 
which  is  begun  in  one  to  three  days  after  removing  from  the  press,  is  continued  for 
a  considerable  length  of  time,  often  forty  days.  The  cheeses  are  then  transferred  to 
a  cool,  well-ventilated  room,  where  they  may  be  stored  for  years,  the  surface  being 
rubbed  with  oil  from  time  to  time.  The  exterior  of  the  cheese  is  dark  green  or  black, 
due  to  coloring  matter  nibbed  on  the  surface.  A  greenish  color  in  the  interior  has 
been  attributed  to  the  contamination  with  copper  from  the  vessels  in  which  the  milk 
is  allowed  to  stand  before  skimming. 

The  Lombardy  cheese  made  from  April  to  September  is  known  locally  as  Sorte 
Maggenga  and  that  from  October  to  March  as  Sorte  Vermenga.  The  Reggian  cheese 
is  made  only  in  summer. 

Parmesan  cheese  when  well  made  may  be  broken  and  grated  easily  and  may  be 
kept  for  an  indefinite  number  of  years.  It  is  grated  and  used  largely  for  soups  and 
with  macaroni.  A  considerable  quantity  of  this  cheese  is  imported  into  this  country 
and  sells  for  a  very  high  price. 
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PECORINO. 

The  Formaggio  Pecorini  are  the  sheep' s-milk  cheeses  made  in  Italy  and  of  which 
there  are  numerous  more  or  less  clearly  defined  kinds.  The  most  common  cheese  of 
this  sort  is  the  one  designated  Cacio  Pecorino  Romano,  or  merely  Romano.  This 
varies  considerably  in  size  and  shape.  The  weight  may  range  from  2  to  25  pounds. 
A  cheese  of  ordinary  size  is  about  10  inches  in  diameter  and  6  inches  in  thickness. 
The  interior  is  slightly  greenish  in  color,  somewhat  granular,  and  devoid  of  eyes  or 
holes.  In  making  Romano  cheese  the  milk  is  heated  to  100^  F.  and  coagulated  by 
rennet  in  fifteen  minutes.  The  curd  is  cut,  cooked  to  120^,  stirred,  and  put  mto 
forms  and  allowed  to  drain.  Salting  is  done  both  by  immersion  in  brine  and  by 
rubbing  salt  on  the  surface.  As  much  as  7  to  8  per  cent  of  salt  is  usually  incorporated 
in  the  course  of  one  month.  This  process  Lb  sometimes  facilitated  by  punching  several 
holes  in  the  cheese.  Ripening  is  usually  done  at  a  temperature  of  6(y  to  70^  and 
requires  eight  months  or  longer. 

The  Pecorino  Dolce  is  artificially  colored  with  annatto  and  subjected  to  considerable 
preesure  in  the  process  of  manufacture. 

Pecorino  Tuscano  is  a  smaller  cheese  tnan  the  Romano,  measuring  usually  6  inches 
in  diameter  and  2  to  4  inches  in  thickness  and  weighing  2  to  5  pounds. 

Among  the  sheep's-milk  cheeses  bearing  local  names  are  the  following:  Ancona, 
Gotrone,  Iglesias,  Leonessa,  Puglia,  and  Viterbo.  In  the  manufacture  of  Viterbo 
cheese  the  milk  is  curdled  by  means  of  a  wild  artichoke,  Cynara  scolymus. 

PFISTER. 

This  cheese  is  classed  in  the  Emmental  group  though  its  method  of  manufacture 
differs  materially.  It  is  made  from  fresh  skimmed  cow's  milk.  It  takes  its  name 
from  Pfister  Huber,  in  Cham,  Switzerland,  who  evidently  was  the  first  to  manufac- 
ture it. 

The  milk  is  set  at  85^  F.  with  sufiicient  rennet  to  coagulate  it  in  thirty  minutes.  The 
curd  is  cut  coarse  and  allowed  to  stand  for  fifteen  minutes  when  the  whey  is  dipped  off. 
The  curd  is  again  stirred  for  five  minutes,  care  being  taken  that  the  temperature  does 
not  fall  below  the  setting  point.  The  curd  is  again  allowed  to  stand  for  five  minutes 
when  it  is  taken  from  the  kettle  in  a  cloth  and  put  in  a  hoop,  where  it  is  pressed  for 
twenty-four  hours,  being  turned  occasionally  and  dry  cloths  substituted.  The  cheese 
is  transferred  from  the  press  to  the  salt  bath  where  it  remains  for  three  days.  It  is 
then  taken  to  a  moist  room  having  a  temperature  of  85^.  Here  it  is  placed  on  shelves 
and  turned  and  salted  occasionally.  The  cheese  is  ready  for  market  at  about  6  weeks 
of  age.  It  is  drum-shaped,  like  a  characteristic  Emmental.  but  not  so  laige,  weighing 
about  50  pounds. 

PHILADELPHIA  CREAM. 

This  is  an  ordinary  cream  cheese  put  up  by  a  firm  in  New  York  State.  It  is  3  by  2 J 
by  IJ  inches  in  size  and  is  wrapped  in  parchment  paper  and  tin  foil. 

PINEAPPLE. 

This  cheese,  which  is  said  to  have  had  its  origin  in  Litchfield  County,  Conn.,  about 
1845,  is  so  named  from  the  fniit  of  that  name  which  the  cheese  is  made  to  resemble  in 
shape.  It  is  a  hard  rennet  cheese  made  from  whole  cow's  milk.  The  cheese  is  quite 
hard  and  is  rather  highly  colored.  The  early  process  of  manufacture  is  the  same  as 
with  Cheddar,  except  that  it  is  cooked  much  harder.  The  curd  is  pressed  in  the 
desired  shape  in  various  sizes  up  to  6  pounds  in  weight.  After  pressing,  the  cheese 
is  dipped  for  a  few  minutes  in  water  at  120°  F.  and  is  then  put  in  a  net  for  twenty- 
four  hours,  which  gives  it  the  diamond-shaped  corrugations  on  the  surface.  It  requires 
several  months  to  ripen  and  during  this  time  the  surface  Is  rubbed  with  oil,  which 
makes  it  very  smooth  and  hard. 
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PONT  L'EVfeQUE. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk.  Three  grades  are  recognized, 
depending  upon  the  quality  of  the  milk  used.  A  Pont  I'Ev^ue  cheese  is  about  4^ 
inches  square  and  1}  inches  thick. 

This  cheese  was  made  in  the  thirteenth  century  in  the  valley  of  Auge,  from  which 
it  derived  its  earlier  name  Augelot,  and  by  corruption  Angelot.  The  principal  seat 
of  the  industry  at  the  present  time  is  Pont  I'fivdque  and  vicinity,  in  the  Department 
of  Calvadps,  France.  The  manu&cture  of  this  cheese  is  of  considerable  importance 
in  the  region  designated.  The  milk  used  may  be  either  whole  milk  with  or  without 
the  addition  of  cream,  a  mixture  of  whole  and  skimmed  milk,  or  milk  entirely  skimmed . 

Coloring  matter  and  warm  or  hot  water  are  usuaUy  added  to  the  milk  before  setting 
with  rennet,  which  is  done  at  a  temperature  of  about  95^  F.  After  standing  for  fifteen 
to  thirty  minutes  the  curd  is  cut,  removed  to  a  drainiiig  board  for  a  few  minutes,  and 
then  put  into  square  forms  or  hoops.  The  cheese  is  turned  very  frequently  during 
the  first  half  hour  and  five  or  six  times  more  during  the  remainder  of  the  first  day. 
It  is  salted  the  second  or  third  day  and  transferred  to  a  well-ventilated  room  for  several 
days.  When  sufficiently  dried  it  is  taken  to  the  curing  cellar.  During  drying  and 
ripening  the  cheeses  are  turned  every  other  day  and  while  in  the  cellar  are  washed 
frequently  with  salt  water.    Ripening  requires  usually  from  three  to  six  weeks. 

PORT  DU  SALUT. 

This  is  a  rennet  cheese  made  from  cow's  milk.  In  many  respects  it  is  intermediate 
between  the  soft  and  hard  varieties.  The  rind  is  firm  and  resistant  but  the  interior  is 
soft  and  homogeneous,  though  it  does  not  become  semiliquid  like  the  interior  of  Brie 
cheese.  This  variety  of  cheese  originated  about  1865  in  the  Trappist  Abbey,  Port  du 
Salut,  situated  about  6  miles  from  Laval,  in  the  Department  of  Mayenne,  France. 
While  the  process  is  to  some  extent  kept  a  secret  by  the  Trappists,  very  successful 
imitations  are  made  outside  of  the  monasteries  in  this  region. 

The  milk,  either  whole  or  partly  skimmed  and  preferably  slightly  acid,  is  heated  to 
90°  to  95°  F.  and  sufficient  rennet  added  in  order  to  secure  the  desired  firmness  of  the 
curd  in  about  thirty  minutes.  Coloring  matter  is  usually  added  to  the  milk.  The  curd 
is  cut  very  fine  and  in  a  manner  similar  to  that  followed  in  making  Emmental  cheese. 
This  requires  about  twenty  minutes.  A  part  of  the  whey  may  then  be  removed.  The 
curd  is  then  stirred  and  may  be  heated  or  cooked  to  a  moderate  degree.  The  final  tem- 
perature reached  in  cooking  varies  from  100°  to  105°,  depending  upon  the  acidity  of  the 
milk.  Tlie  time  required  in  stirring  and  heating  is  about  twenty  minutes.  The  curd 
is  then  allowed  to  settle  and  the  whey  removed.  After  being  stirred  vigorously  for  twa 
to  four  minutes,  the  curd  is  put  into  molds  which  are  of  two  sizes,  the  smaller  about 
7  inches  in  diameter  and  the  larger  about  10  inches.  A  disk  is  placed  on  the  cheese  and 
pressure  applied  by  means  of  presses  for  ten  to  twelve  hours,  the  cheese  being  turned 
and  the  cloths  frequently  changed  during  this  time.  The  next  day  the  hoops  are 
removed  and  the  cheese  salted.  After  dr>dng  for  about  twenty-four  hours,  it  is  trans- 
ferred to  the  ripening  cellar  where  it  remains  from  five  to  six  weeks.  In  this  place  a 
temperature  of  about  55°  and  a  relative  humidity  of  85°  to  90°  is  preferred.  During 
ripening  the  cheeses  are  turned  very  frequently  and  washed  with  salt  water,  the  fre- 
quency depending  somewhat  upon  the  rapidity  with  which  molds  develop.  The 
cheese  is  often  sold  before  the  ripening  process  is  entirely  complete. 

POTATO. 

This  cheese  is  made  in  Thuringia  in  the  central  part  of  Germany.  In  the  manufac- 
ture of  potato  cheese,  curd  is  made  from  sour  cow's  milk,  or  in  some  cases  from  renneted 
milk.  Sometimes  sheep's  or  goat's  milk  is  used.  The  potatoes  are  boiled  and  grated 
or  mashed.    One  part  of  the  potatoes  is  thoroughly  mixed  or  kneaded  with  two  or  three 
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parts  of  the  curd.  In  the  better  cheese  three  parts  of  potatoes  is  mixed  with  two  parts 
of  curd.  During  the  mixing,  salt  is  added  and  sometimes  caraway  seed.  The  cheese  is 
allowed  to  stand  for  two  to  four  days  while  a  fermentation  takes  place.  After  this  the 
curd  is  again  thoroughly  kneaded  and  placed  in  forms  for  a  day.  It  is  then  dried  and 
is  sometimes  covered  with  beer  or  cream.  It  is  finally  placed  in  tubs  and  allowed  to 
ripen  for  fourteen  days. 

POTTED. 

This  domestic  cheese  is  usually  prepared  from  weU-ripened  Cheddar  cheese  by  grind- 
ing the  cheese  very  fine  and  incorporating  with  it  butter,  condiments,  spirits,  etc.  It 
is  put  up  in  small  porcelain  jars  and  is  much  in  demand. 

PRATTIGAU. 

This  is  made  from  skimmed  cow's  milk  and  is  so  named  from  the  valley  of  Switzer- 
land in  which  it  is  made.  Its  manufacture  is  the  same  as  that  of  Limburg.  Cheeses 
weigh  from  20  to  25  pounds. 

PRBSTOST. 

Frestost  is  a  product  of  Sweden,  where  it  is  often  called  Saaland  Pfarr.  It  is  a  rennet 
cheese  made  from  fresh  cow's  milk  and  resembles  Gouda.  It  was  known  in  the  eight- 
eenth century.  The  milk  is  set  at  90^*  F.  and  is  allowed  to  become  very  firm,  when  it  is 
cut  coarse  with  a  wooden  knife  and  poured  into  a  sieve  which  allows  the  whey  to  drain 
off.  The  curd  is  then  put  into  a  cloth  and  kneaded.  Whisky  is  mixed  with  the  curd, 
which  is  then  packed  in  a  basket,  and  after  some  salt  is  8prinkled  on  the  surface  it  is 
put  in  the  cellar.  The  cloth  inclosing  the  cheese  is  changed  daily  for  three  days,  after 
which  the  cheese  is  washed  with  whisky.  A  cheese  is  cylindrical  in  shape  and  weighs 
5  to  30  pounds. 

PROVIDENCE. 

This  cheese  is  about  8  inches  in  diameter  and  1)  inches  thick,  and  very  closely  resem- 
bles Port  du  Salut.  It  is  made  in  the  monastery  of  Bricquebec  in  the  Department  of 
Manche,  France. 

PROVOLE. 

This  is  one  of  the  most  esteemed  of  the  several  kinds  of  hard  rennet  cheese  made  in 
central  and  southern  Italy  from  cow's  milk,  including  also  that  of  buffaloes.  The 
cheese  is  round  or  oval  and  weighs  from  4  to  6  pounds.  Smaller  sizes  weighing  about 
2  pounds  are  known  as  Provoloni.  In  many  respects,  including  the  cooking  of  the 
curd  with  hot  water  and  the  smoking  of  the  cheese,  Provole  and  Provoloni  resemble 
Caciocavallo .    Considerable  amounts  of  this  ch  eese  are  imported  into  the  United  States. 

PULTOST. 

Pultost,  also  called  Knaost,  is  made  usually  from  sour  milk  but  it  may  be  made  with 
rennet.  It  is  a  Norwegian  product  and  is  made  in  private  dairies  in  the  mountains  of 
that  country.  The  milk  is  placed  in  a  kettle  and  if  not  sour  enough  to  coagulate  on 
warming  the  acidity  is  increased  by  the  addition  of  buttermilk.  When  sufficient  acid 
has  developed  the  milk  is  warmed  to  113**  F.  The  curd  is  broken  up  with  a  scoop  and 
stirred  to  keep  it  from  matting  together  while  it  is  being  heated  to  140®.  It  is  then 
dipped  and  ground  up  fine.  Buttermilk  is  added  and  the  whole  is  thoroughly  kneaded 
and  put  into  troughs,  where  it  is  covered  with  a  cloth.  It  is  allowed  to  stand  for  three 
days  with  occasional  stirring. 

QUESO  DE  CINCHO. 

This  is  a  sour-milk  cheese  made  in  Venezuela  and  known  also  as  Queso  de  Palma 
Metida.  It  is  exported  in  the  form  of  balls  8  to  16  inches  in  diameter  and  wrapped  in 
pabn  leaves. 
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QUBSO  DE  HOJA. 

ThiB  \b  a  Porto  Rican  cheeee  made  from  fresh  cow's  milk.  The  curd  is  cut  into  blocks 
about  6  inches  square  and  2  inches  thick.  After  part  of  the  whey  is  drained  off,  which 
may  require  several  hours,  the  pieces  of  curd  are  immersed  in  water  or  whey  having 
a  temperature  of  150^  F.  This  gives  a  tough  layer  to  the  block  of  curd,  which  is  then 
removed  to  a  table  and  pressed  or  stretched  by  the  use  of  a  broad  wooden  spoon  or 
paddle.  Salt  is  sprinkled  on  the  surface  and  the  piece  of  curd  is  folded  and  wrapped 
in  a  cloth  and  squeezed  to  force  out  the  moistiure.  The  finished  product  is  about  6 
inches  in  diameter,  1  to  2  inches  thick,  and  has  slightly  rounded  top  and  bottom  sur- 
faces. When  the  cheese  is  cut  it  appears  to  be  in  layers  like  leaves  upon  one  another, 
hence  the  name,  signifying  leaf  cheese. 

QUESO  DE  MANO. 

This  is  a  sour-milk  cheese  resembling  a  hand  cheese,  and  is  made  in  Venezuela. 
It  is  6  to  7  inches  in  diameter. 

QUESO  DE  PRENSA. 

This  is  a  Porto  Rican  product,  and  is  a  hard  rennet  cheese  made  from  unskimmed 
cow's  milk.  The  milk  b  allowed  to  stand  six  hours  without  cooling  and  rennet  is  then 
added.  The  curd  is  broken  by  hand  or  with  a  stick,  and  after  part  of  the  whey  is 
separated  the  curd  is  transferred  to  a  table  and  is  broken  into  small  pieces.  It  is  then 
put  in  wooden  frames,  and  salt  is  added  either  as  the  curd  goes  into  the  frame  or  by 
sprinkling  on  top.  Light  pressure  is  applied,  either  by  hand  or  by  means  of  a  screw. 
After  leaving  the  press  the  cheese  b  placed  on  racks.  It  may  be  eaten  fresh  or  allowed 
to  stand  for  two  to  three  months.  The  cheeses  are  11  inches  long,  5)  inches  wide,  and 
3  inches  thick,  and  weigh  about  5  pounds.    The  name  signifies  pressed  cheese. 

QUESO  DE  PUNA. 

This  is  a  Porto  Rican  product,  resembling  very  much  the  Cottage  or  Dutch  cheese 
of  the  United  States.  The  milk  is  set  with  rennet  and  the  curd  is  thoroughly  mashed 
or  kneaded  by  hand,  salt  being  added  at  the  same  time.  The  curd  is  put  in  a  hoop  5 
inches  in  diameter  and  1^  inches  deep,  where  it  remains  without  pressure  for  two  or 
three  days,  or  until  it  will  keep  its  form.    The  cheese  is  eaten  fresh. 

RABACAL. 

This  is  a  round,  rather  firm  cheese  made  from  the  nulk  of  sheep  and  goats  in  the 
vicinity  of  Coimbra,  Portugal.    A  cheese  is  4  to  5  inches  in  diameter  and  1  inch  thick. 

RADEN. 

This  is  a  hard  rennet  cheese  made  from  skim  milk  in  Mecklenburg.  The  cheeses 
are  16  inches  in  diameter  and  4  inches  thick,  and  weigh  32  pounds.  The  process  of 
manufacture  does  not  differ  materially  from  that  of  Emmental. 

RANGIPORT. 

This  cheese  is  in  every  way  analogous  to  Port  du  Salut.  It  is  about  6  inches  in 
diameter  and  2)  inches  thick  and  weighs  about  2)  pounds.  It  is  made  in  the  Depart- 
ment of  Seine-et-Oise,  France. 

RAYON. 

This  is  a  special  type  of  Emmental  cheese  made  largely  in  the  Canton  of  Fribouig, 
Switzerland,  for  exportation  to  Italy,  though  some  is  now  manufactured  in  Italy. 
It  is  made  of  partly  skimmed  milk,  and  the  cooking  is  continued  to  a  point  that  insures 
a  very  dry  hard  cheese  which  develops  no  eyes.    After  curing  it  is  shipped  largely 
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to  Turin,  where  it  is  placed  on  edge  on  shelves  in  a  dzy,  warm  cave,  and  the  fat  leaks 
out,  leaving  the  cheese  exceedingly  dry  and  hard,  when  it  is  used  for  grating.  After 
the  drying  process  the  cheese  is  called  Raper. 

RBBBIOLA. 

Rebbiola,  or  Robiola,  is  a  soft  cheese  made  principally  in  the  Alpine  districts  of 
Italy.  The  process  of  manufacture  is  very  simple.  It  is  generally  made  from  milk 
skimmed  after  twelve  hours,  but  whole  milk  is  sometimes  used .  The  cheese  is  circular 
and  weighs  about  2  pounds.  The  ripening  process  is  very  rapid,  requiring  usually 
twelve  to  fifteen  days.  The  milk  is  set  at  a  temperature  of  90^  F.,  the  time  allowed 
being  usually  about  one-half  hour.  The  curd  is  cut  fine  and  put  into  molds  8  inches 
in  diameter  and  6  inches  high,  the  bottom  being  perforated.  Five  hours  later  the 
cheeses  are  removed  from  the  molds  and  placed  on  a  drainiiig  board  covered  with 
straw.     After  two  or  three  days  they  are  ml  ted  and  then  ripened. 

REBLOCHON. 

This  is  a  soft  French  cheese  weighing  I  to  2  pounds.  It  is  made  from  fresh  whole 
milk  which  is  curdled  with  rennet  at  a  temperature  of  80^  F.  or  above,  the  time 
allowed  being  about  thirty  minutes.  The  curd  is  cut  to  the  size  of  peas,  cooked  to 
about  d5^,  and  after  the  removal  of  the  whey  is  put  into  molds  about  6  inches  in 
diameter  and  2  inches  in  height.  A  weight  of  about  5  pounds  is  placed  upon  each 
cheese,  which  is  turned  frequently  and  salted  after  about  twelve  hours.  In  a  moist 
room  having  a  temperature  of  about  60®  the  desired  degree  of  ripening  is  secured  in 
four  to  B.ve  weeks.  An  imitation  of  this  cheese,  made  in  Savoy,  France,  is  known  as 
Brizecon. 

REINDEER  MILK. 

In  Norway  and  Sweden  the  milk  of  the  reindeer  is  sometimes  used  for  cheesemak- 
ing.  Rennet  is  added  at  100®  F.,  and  the  curd  is  cut  and  dipped  into  a  large  frame, 
where  it  is  pressed  lightly.  The  mass  of  curd  is  then  cut  into  pieces  5  by  4  by  2J 
inches,  which  are  salted  on  the  surface  and  are  allowed  to  ripen  in  a  dry  curing  room. 

RIESENGEBIRGE. 

Thifl  is  a  soft  rennet  cheese  made  from  goat's  milk  in  the  mountains  on  the  northern 
border  of  Bohemia.  The  milk  is  set  at  about  90®  F.  The  curd  is  broken  up  and  the 
whey  dipped  off,  after  which  the  curd  is  put  in  forms,  where  it  remains  in  a  warm 
place  for  twenty-four  hours.  It  is  then  covered  with  salt  and  after  drying  for  three 
to  four  days  is  placed  in  the  curing  cellar.  From  each  100  pounds  of  milk  18  pounds  of 
cheese  is  secured. 

RINNEN. 

This  is  a  sour-milk  cheese  which  was  known  in  the  eighteenth  century.  It  is  made 
in  Pomerania  from  milk  sufficiently  acid  to  cause  a  precipitation  of  the  curd  when  it 
is  wanned  to  about  90®  F.  The  cheese  derives  its  name  from  the  wooden  trough  in 
which  it  is  laid  to  drain.  The  curd  is  broken  up  and  heated  to  expel  the  whey.  The 
curd  is  kneaded  by  hand  and  caraway  seed  is  added.  It  is  molded  into  forms  and 
pressed.  Salt  is  then  rubbed  on  the  outside.  The  cheese  is  dried  and  put  in  a  box 
to  ripen. 

ROLL. 

Thifl  is  a  hard  rennet  cheese  made  in  England  *from  unskimmed  cow's  milk.  It  is 
cylindrical  in  shape,  8  inches  high  by  9  inches  in  diameter.  A  cheese  weighs  20 
pounds. 
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ROLLOT. 

This  is  a  soft  rennet  cheese  2)  inches  in  diameter  and  2  inches  thick,  made  in  the 
Departments  of  Somme  and  Oise,  France. 

ROMADOUR. 

Bomadour,  Remoudou,  or  Romatur  cheese  is  a  southern  Bavarian  product  similar 
to  Limburg.  It  is  4}  foy  2  by  2  inches  in  size  and  weighs  1  pound.  It  is  said  to  be 
a  little  finer  variety  of  cheese  than  Limburg  and  to  sell  for  a  slightly  higher  price. 

ROQUEFORT. 

This  is  a  hard  rennet  cheese  made  from  the  milk  of  sheep.  There  are,  however, 
numerous  imitations  or  varieties  closely  resembling  Roquefort,  such  as  Gex  and  Sept- 
moncel,  made  from  cow's  milk.  One  of  the  most  striking  characteristics  of  this  cheese 
is  the  mottled  or  marbled  appearance  of  the  interior,  due  to  the  development  of  a 
penicillium,  which  is  the  principal  ripening  agent.  The  manufacture  of  Roquefort 
cheese  has  been  carried  on  in  the  southeastern  part  of  France  for  at  least  two  cen- 
turies. The  industry  is  particularly  important  in  the  Department  of  Aveyron, 
in  which  is  situated  the  village  of  Roquefort,  from  which  the  cheese  derives  its 
name.  It  is  also  made  in  Corsica.  Imitations  of  Roquefort  cheese  are  made  m  various 
countries. 

The  evening's  milk  is  heated  to  140°  to  150°  F.,  cooled,  and  kept  over  night.  After 
being  skimmed  it  is  mixed  with  the  fresh  morning's  milk.  The  mixture  is  then  set 
with^rennet  at  a  temperature  of  about  90°.  In  from  one  to  two  hours  after  the  addi- 
tion of  rennet  the  curd  is  cut  until  the  particles  are  about  the  size  of  walnuts.  The 
whey  which  rises  to  the  surface  is  dipped  off  and  the  curd  is  put  into  hoops  which 
are  about  8)  inches  in  diameter  and  3}  inches  in  height.  The  hoops  are  filled  usu- 
ally in  three  layers,  a  layer  of  moldy  bread  crumbs  being  interspersed  between  the 
first  and  second  and  second  and  third  layers.  The  bread  used  for  this  purpose  is 
prepared  from  wheat  and  barley  flour  with  the  addition  of  whey  and  a  little  vinegar. 
It  is  thoroughly  baked  and  kept  in  a  moist  place  for  four  to  six  weeks,  during  which 
time  it  becomes  permeated  with  a  growth  of  the  mold  referred  to.  The  crust  is  re- 
moved and  the  interior  is  crumbled  very  fine  and  sifted.  The  cheese  is  subjected  to 
pressure  which  is  gradually  increased  for  ten  to  twelve  hours.  It  is  turned  usually 
one  hour  after  putting  into  hoops.  At  the  end  of  about  twelve  hours  it  is  wrapped 
in  cloth  and  taken  to  the  first  curing  room.  The  cloths  are  frequently  changed  dur- 
ing the  ten  to  twelve  days  the  cheese  remains  in  this  place. 

Formerly  the  manufacture  of  the  cheese  up  to  this  stage  was  carried  on  by  the 
shepherds  themselves,  but  in  recent  years  centralized  factories  have  been  established 
and  much  of  the  milk  is  collected  and  there  made  into  cheese.  The  cheese  is  then 
taken  to  the  caves.  These  are  for  the  most  part  natural  caverns  which  exist  in  large 
numbers  in  the  region  of  Roquefort.  The  temperature  in  these  caves  is  40°  to  45°, 
and  the  air  circulates  very  freely  through  them.  Recently,  artificial  caves  have  been 
constructed  and  used.  When  the  cheeses  reach  the  caves  tlley  are  salted,  which 
serves  to  check  the  growth  of  the  mold  on  the  surface.  One  or  two  days  later  they 
are  rubbed  vigorously  with  cloth  and  are  afterwards  subjected  to  thorough  scraping 
with  knives,  a  process  formerly  done  by  hand,  but  now  much  more  satisfactorily  and 
economically  by  machinery.  The  salting,  scraping,  or  brushing  seems  to  check  the 
development  of  mold  on  the  surface.  In  order  to  favor  the  growth  of  mold  in  the  in- 
terior, the  cheese  is  pierced  by  machinery  with  60  to  100  small  steel  needles,  which 
process  permits  the  free  access  of  air.  The  cheese  may  be  sold  after  thirty  to  forty 
days  or  may  remain  in  the  caves  as  long  as  five  months,  depending  upon  the  degree  of 
ripening  desired.  The  cheese  loses  during  ripening  by  scraping  and  evaporation  as 
much  as  25  per  cent  of  the  original  weight.  The  weight  when  ripened  is  about  4} 
to  5  pounds. 
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SAANBN. 

This  ifl  a  type  of  Emmental  cheese  made  in  Switzerland  from  cow's  milk.  It  is 
sometimes  known  as  Hartkase,  Reibk&se,  and  WalliakSse.  First  mentioned  in  the 
sixteenth  century,  it  is  still  manufactured  extensively  at  the  present  time  and  ex- 
ported to  a  limited  extent.  It  sells  for  a  higher  price  than  the  regular  Emmental. 
The  process  of  manufacture  is  identical  with  that  of  Emmental  except  that  it  is 
cooked  much  dryer,  takes  much  longer  to  cure,  and  keeps  longer.  The  cheese  weighs 
from  10  to  20  pounds.    The  eyes  are  few  and  small. 

The  ripening  period  ifl  never  less  than  three  years  and  many  require  as  long  as  nine 
years,  the  average  being  six  years.  The  cheeses  are  kept  to  great  ages,  it  being  the 
custom  to  make  a  cheese  at  the  birth  of  a  child  and  eat  it  at  the  burial  feast  or  even 
at  the  burial  feast  of  a  son  of  the  child  for  whom  it  is  made.  One  cheese.is  mentioned 
as  being  two  hundred  yean  old  and  is  considered  a  great  honor  to  the  household. 
Many  cheeses  are  kept  until  they  are  thirty  years  old. 

SAGE. 

This  cheese  is  made  by  the  ordinary  Cheddar  process,  and  may  be  of  any  of  the 
various  shapes  and  sizes  in  which  that  cheese  is  pressed.  As  seen  when  cut  it  has  a 
green  mottled  appearance. 

Formerly  sage  cheese  was  made  by  mixing  green  sage  leaves  with  the  curd  before 
it  was  pressed.  At  the  present  time  the  flavor  of  sage  is  obtained  by  sage  extract. 
To  secure  the  green  mottles,  succulent  green  com  is  cut  fine  and  the  juice  is  pressed 
out.  A  small  portion  of  the  milk  is  mixed  with  this  juice  and  is  set  with  rennet  in  a 
small  vat  while  the  bulk  of  the  milk  is  set  in  the  ordinary  manner.  After  the  curd  is 
cut  and  is  firm  enough  to  be  handled,  the  green  curd  from  the  small  vat  is  mixed 
with  the  uncolored  curd,  and  the  process  is  continued  as  in  the  Cheddar  process. 
This  is  a  very  popular  variety  of  cheese  with  many  constuners. 

SAINT  CLAUDE. 

This  is  a  small,  square,  goat's-milk  cheese  made  in  the  region  of  Saint  Claude, 
France.  The  milk  is  curdled  with  rennet  and  the  curd  placed  in  molds  for  six  to 
eight  hours.  It  is  then  salted  and  allowed  to  ripen,  or  may,  however,  be  eaten  when 
fresh.     A  cheese  weighs  from  one-quarter  to  one-half  pound. 

SAINT  BENOIT. 

This  is  a  soft  rennet  cheese  resembling  Olivet,  and  is  made  in  the  Department  of 
Loiret,  France.  Charcoal  is  added  to  the  salt  which  is  applied  to  the  exterior  of  the 
cheese.  Ripening  requires  from  twelve  to  fifteen  days  in  summer  and  eighteen  to 
twenty  days  in  winter.    A  cheese  is  about  6  inches  in  diameter. 

SAINT  MARCELLIN. 

This  is  a  goatVmilk  cheese  made  in  the  Department  of  iR^re,  France.  Sheep's 
milk  or  even  cow's  milk  may  be  mixed  with  the  goat's  milk.  A  cheese  is  about  3 
inches  in  diameter  and  three-fourths  of  an  inch  thick  and  weighs  about  one-fourth 
pound. 

SAINT  REMY. 

This  is  a  soft  rennet  cheese  differing  but  little  from  Pont  I'fivdque.  It  is  made  in 
the  Department  of  Haute-Sadne,  France. 

SALOIO. 

This  is  a  kind  of  hand  cheese  made  from  skimmed  cow's  milk  on  farms  in  the  region 
of  Lisbon,  Portugal.  It  has  the  form  of  a  short  cylinder,  measures  1)  to  2  inches  in 
diameter,  and  weighs  about  4  oimces.  A  similar  cheese  of  about  the  same  character 
is  made  in  Thomar,  about  50  miles  north  of  Lisbon. 
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SAP  SAGO. 

This  cheese  is  made  from  sgur  skimmed  cow's  milk  principally  in  Glarus,  .Switzer- 
land. It  is  known  also  as  Schabzieger,  Glamerkase,  GrQnerkase,  and  Krauterkafle. 
It  is  claimed  to  have  been  made  in  the  thirteenth  century;  the  authentic  history  at 
least  dates  back  to  the  fifteenth  century.  Sap  Sago  is  a  small,  hard  green  cheese  fla- 
vored with  the  leaves  of  a  species  of  clover;  it  is  shaped  like  a  truncated  cone,  4  inches 
high,  3  inches  in  diameter  at  the  base,  and  2  inches  at  the  top.  This  cheese  is  imported 
to  some  extent  into  the  United  States  under  the  name  of  Sap  Sago. 

The  skimmed  milk  from  which  this  cheese  is  made  is  not  allowed  to  become  sour 
enough  to  coagulate  on  heating,  as  it  would  make  too  hard  a  curd.  The  milk  when  it 
has  reached  the  right  acidity  is  heated  to  the  boiling  temperature  while  being  stirred. 
Cold  buttermilk  is  then  added,  as  is  also  some  whey  having  a  high  percentage  of  acid- 
ity. The  material  coagulating  on  the  surface  is  skimmed  off.  The  milk  is  then 
stirred  while  sufficient  acid  whey  is  added  to  precipitate  the  casein.  When  too  little 
whey  is  used  the  curd  is  too  soft,  and  when  too  much  is  used  it  is  too  hard.  The  curd 
is  dipped  with  a  skimmer  and  spread  out  to  cool  and  then  put  in  boxes  and  allowed  to 
drain  and  ferment.  The  box  is  kept  at  a  temperature  of  about  60°  F.  and  pressure  is 
applied  by  weighting  with  stones.  Ripening  is  allowed  to  continue  for  three  to  six 
weeks.  If  the  temperature  of  the  room  is  too  high  or  there  is  not  sufficient  pressure, 
too  rapid  and  strong  fermentation  results.  This  curd  is  used  for  making  the  finished 
product,  but  the  cheese  is  seldom  finished  where  the  curd  is  made.  The  curd  is 
ground  in  a  mill  and  every  100  pounds  of  cheese  contains  5  pounds  of  salt  and  25 
pounds  of  dried  MelUotus  caerulea,  an  aromatic  clover  which  is  grown  in  the  Canton  of 
Schweiz  for  jthe  purpose.  The  ground  material  is  worked  up  into  a  dough  and  is 
forced  into  molds  lined  with  linen  cloth,  and  the  name  of  the  manufacturer  is  stamped 
on  the  large  end.  The  mold  is  then  emptied  and  refilled.  The  cheeses  are  dumped 
promiscuously  into  a  large  cask  holding  about  200  pounds.  A  comparatively  small 
quantity  is  shipped  into  this  country.    It  sells  at  a  low  price  and  is  usually  grated. 

SASSENAGE. 

This  is  a  hard  rennet  cheese,  about  12  inches  in  diameter  and  3  inches  in  height, 
made  from  cow*s  milk  to  which  small  quantities  of  goat's  and  sheep's  milk  are  usually 
added.  The  cheese  is  almost  identical  with  that  of  Gex  and  Septmoncel..  It  derives 
its  name  from  the  village  of  Sassenage,  near  Grenoble,  in  the  Department  of  Is^re, 
France.  The  milk  used  is  usually  a  mixture  of  skimmed  milk  and  whole  milk.  It  is 
set  with  rennet  and  the  curd  is  cut  and  put  into  molds  in  the  same  manner  as  with  the 
other  varieties  mentioned.*  The  same  is  also  true  of  the  ripening  process,  which 
requires  about  two  months. 

SCANNO. 

This  is  a  soft  rennet  cheese  made  from  the  milk  of  sheep  in  the  Apennine  Mountains, 
in  the  Province  of  Abruzzo,  Italy.  It  derives  its  name  from  the  village  of  Scanno. 
The  surface  of  the  cheese  is  colored  a  deep  black.  The  interior  is  bright  yellow  and 
has  the  consistency  of  butter. 

SCARMORZE. 

This  is  a  small  rennet  cheese  made  in  southern  Italy  from  the  milk  of  buffaloes. 

SCHAMSER. 

This  cheese,  which  is  also  known  as  Kheinwaid,  is  a  rennet  cheese  made  from 
skimmed  cow's  milk  in  the  Canton  Graubtinden,  Switzerland.  The  cheeses  weigh 
from  40  to  45  pounds  and  are  18  inches  in  diameter  and  5  inches  high. 
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SCHL088. 

SchloeekSae,  or  Caetle  cheese,  is  a  Limburg  cheeee  made  in  the  northern  part  of 
Austria.  It  is  a  soft  cured  rennet  cheese  4  by  2  by  2  inches  in  size.  When  ready  for 
market  it  is  wrapped  in  tin  foO. 

SCHOTTENGSIBD. 

This  is  a  whey  cheese  made  by  the  peasants  of  the  Alps  for  home  use. 

SCHWARZBNBERO. 

This  cheese  is  made  in  southern  Bohemia  and  western  Hungary.  It  is  a  rennet 
cheese  made  from  partly  skimmed  cow's  milk.  One  part  of  skimmed  milk  is  added  to 
two  parts  of  fresh  milk.  In  about  one  hour  after  the  addition  of  rennet  the  curd  is 
broken  up  and  thoroughly  stiired.  It  is  then  dipped  into  wooden  forms  and  light 
pressure  applied  for  half  a  day.  For  four  or  five  days  following  the  cheese  is  rubbed 
with  salt  and  is  then  taken  to  the  cellar,  where  it  is  washed  daily  with  salt  water  until 
ripe,  which  requires  two  to  three  months. 

SfiNBCTERRE. 

This  is  a  soft  rennet  cheese  originating  at  Saint  Nectaire,  in  the  Department  of 
Puy-de-D6me,  France.  It  is  made  out  of  whole  milk,  is  cylindrical  in  shape,  and 
weighs  about  1)  pounds. 

8EPTMONCEL. 

This  is  a  hard  rennet  cheese  made  from  cow's  milk  to  which  a  small  proportion  of 
goat's  milk  is  sometimes  added.  It  resembles  the  Gex  and  Sassenagc  varieties  very 
closely  and  its  process  of  manufacture  is  almost  identical  with  that  of  Roquefort.  It 
J8  also  known  as  Jura  blue  cheese.  It  derives  its  name  from  the  village  of  Septmoncel, 
near  Saint-Claude,  in  the  Department  of  Jura,  where  the  cheese  is  for  the  most  part 
made.  The  cheese  is  made  almost  Exclusively  on  isolated  farms  rather  than  in  co- 
operative dairies,  and  the  methods  employed  are  somewhat  rudimentary. 

The  milk,  which  is  usually  partly  skimmed,  is  set  with  rennet  at  a  temperature  of 
about  85^  F.  The  curd  is  cut  and  stirred  after  about  one  and  one-half  hours.  After  the 
curd  has  settled  the  whey  is  poured  off.  The  stirring  and  draining  are  repeated  sev- 
eral times  imtU  the  curd  is  sufficiently  firm  to  put  into  hoops.  Moderate  pressure  is 
applied  for  a  few  hours.  The  cheese  is  salted  at  the  end  of  twenty-four  hours  and 
thereafter  daily  for  several  days.  It  is  then  transferred  to  the  first  curing  room,  which 
is  kept  cool  and  moist.  After  three  to  four  weeks  it  has  become  covered  with  blue 
mold,  when  it  is  transferred  to  cellars  or  natural  caves,  where  the  ripening  is  completed 
in  from  three  to  four  weeks  longer. 

SERRA  DA  ESTRBLLA. 

This  is  the  most  highly  prized  of  the  several  kinds  of  cheeses  made  in  Portugal. 
The  name  refers  to  the  mountainous  region  in  which  the  cheese  is  produced.  It  is 
made  for  the  most  part  from  the  milk  of  sheep,  but  goat's  milk  is  often  added  to  this 
or  even  used  alone,  and  occasionally  cow's  milk  is  used. 

The  method  of  making  this  cheese  is  comparatively  simple.  The  milk  is  warmed 
in  a  kettle  with  little  regard  to  the  temperature  obtained,  and  is  coagulated  in  most 
cases  by  means  of  an  extract  of  the  flowers  of  a  kind  of  thistle.  The  time  required  for 
curdling  varies  from  two  to  six  hours,  depending  upon  the  amoimt  of  the  extract  used. 
The  curd  is  broken  up  with  a  ladle  or  by  hand,  squeezed  to  remove  most  of  the  whey, 
and  put  into  circular  forms.  After  draining  until  sufficiently  firm  the  cheeses  are  re- 
moved'from  the  hoops  and  allowed  to  ripen  for  several  weeks,  during  which  time  they 
are  frequently  washed  with  whey  and  salted  on  the  surface.    The  cheeses  vary  much 
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in  size,  the  laiger  measuring  about  10  inches  in  diameter  and  2  inches  thick,  and  weigh- 
ing about  5  poimds.    The  cheese  is  rather  soft  and  has  a  pleasant  acid  taste. 
A  similar  cheese  made  in  another  part  of  Portugal  is  known  as  Castello  Branco. 

SERVIAN. 

In  making  Servian  cheese  the  milk  is  warmed  in  a  kettle  over  a  fire  or  in  a  tub  by 
immeifiing  heated  stones.  After  the  rennet  is  added  the  milk  is  allowed  to  stand  one 
hour.  The  curd  is  then  lifted  in  a  cloth  and  the  whey  allowed  to  drain.  It  is  then 
placed  in  a  wooden  vessel,  salted,  and  covered  successively  with  whey  for  about  eight 
days  and  fresh  milk  for  about  six  days. 

SILBSIAN. 

A  cheese  known  locally  as  Schlesiacher  Weichquai^  is  made  from  skimmed  cow's 
milk,  the  process  of  manufacture  resembling  that  of  hand  cheese.  The  milk  is  allowed 
to  coagulate  from  souring  and  the  curd  is  broken  up  and  cooked  at  100°  F.  for  a  short 
period.  The  curd  is  then  put  in  a  cloth  sack  and  light  pressure  applied  for  twenty-four 
hours,  after  which  it  is  kneaded  by  hand  and  salt  and  milk  or  cream  are  added.  Fla- 
voring substances  such  as  onions  or  caraway  seed  are  also  sometimes  added.  The 
cheese  is  eaten  fresh. 

Another  cheese  known  as  Schlesiacher  Sauermilchkase  is  also  made  in  much  the 
same  way  as  hand  cheese.  The  cheeses  are  kept  on  shelves  covered  with  straw,  and 
are  dried  by  the  stove  in  winter  and  in  a  latticework  house  in  summer.  Drying  is  con- 
tinued until  the  cheese  becomes  very  hard.  The  cheese  is  ripened  in  a  cellar,  the 
process  requiring  three  to  eight  weeks,  during  which  time  it  is  washed  every  few  days 
with  warm  water. 

SIRAZ. 

This  is  a  Servian  cheese  made  as  a  rule  from  whole  milk.  The  milk  is  set  at  104°  F. 
and  the  curd  is  lifted  from  the  whey  with  a  cloth  and  pressed  into  cakes  4  to  6  inches 
in  diameter  and  1  inch  thick.  These  cakes  are  placed  in  the  sun  to  dry  until  the  fat 
commences  to  run,  when  they  are  rubbed  several  times  with  salt  until  a  good  crust  is 
formed.  The  cakes  are  then  packed  in  a  wooden  vessel  and  allowed  to  ripen.  The  cut 
surface  shows  a  smooth  appearance  without  holes.  It  is  between  a  hard  and  a  soft 
cheese. 

SLIPCOTE. 

This  cheese  is  made  in  Rutlandshire,  England.  It  is  a  soft  unripened  rennet  cheese, 
made  from  cow's  milk.  The  curd  is  dipped  into  small  forms  and  no  pressure  is  applied. 
After  the  cheese  is  removed  from  the  form  the  surface  dries  and  cracks  and  is  easily 
slipped  off,  hence  the  name.  It  is  an  old  cheese,  having  been  well  known  in  the  mid- 
dle of  the  eighteenth  century. 

8PALEN. 

This  is  a  type  of  Emmental  cheese,  and  is  sometimes  known  as  Stringer.  Its  origin 
is  unknown.  It  is  made  largely  in  the  Canton  of  Unterwalden,  Switzerland,  from  sweet 
cow's  milk,  often  partly  skimmed.  The  name  it  derived  from  the  vessel  in  which  the 
cheeses  are  transported  and  in  which  five  or  six  of  them  are  packed.  This  is  a  small 
cheese  for  an  Emmental  type.    Each  cheese  weighs  from  35  to  40  pounds. 

No  thermometer  is  used  in  the  manufacture,  the  temperature  being  judged  by  the 
feeling,  and  a  very  uneven  product  is  the  result.  The  process  of  making  seems  to  vary 
much,  the  press  consisting  of  a  board  with  stones  for  weights,  and  the  temperature  of 
the  cellar  being  poorly  regulated . 

SPITZ. 

This  is  a  small  rennet  cheese  made  from  cow's  milk.  The  cheese  is  cylindrical  in 
shape,  being  4  inches  high  and  1)  inches  in  diameter. 
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STEPPES. 

This  name  is  applied  to  a  RuflBoan  cheese  made  from  whole  milk.  The  milk  after  the 
addition  of  coloring  matter  is  heated  to  about  90^  F.  and  treated  with  sufficient  rennet 
to  secure  coagulation  in  forty  to  forty-five  minutes.  The  curd  is  cut  into  large  cubes, 
the  whey  removed  slowly,  and  the  curd  still  further  broken  up  until  the  particles  are 
uniformly  about  the  size  of  peas.  The  curd  is  then  heated  gradually  to  100^  to  104^, 
the  mass  meanwhile  being  gently  agitated.  The  stirring  is  kept  up  for  some  time  after 
heating  ceases  until  the  curd  becomes  dry,  when  it  is  placed  in  molds  10  by  5}  by  7 
inches.  After  the  cheeses  are  removed  from  the  molds  they  are  turned  frequently  and 
five  hours  later  are  salted  and  transferred  to  the  curing  cellar,  where  a  temperature  of 
about  55°  is  maintained.  During  ripening  the  cheeses  are  worked  occasionally  with 
salt  water  and  turned  frequently. 

STILTON. 

This  is  a  hard  rennet  cheese,  the  best  of  which  is  made  from  cow's  milk  to  which 
a  portion  of  cream  has  be^  added.  It  was  first  made  near  the  village  of  Stilton,  Hunt- 
ingdonshire. England,  about  the  middle  of  the  eighteenth  century.  It  is  now  made 
principally  in  Leicestershire  and  West  Kutlahdshire,  though  its  manufacture  has 
extended  to  other  parts  of  England.  Its  manufacture  has  been  tried,  though  without 
success,  in  the  United  States.  The  cheese  is  about  7  inches  in  diameter  and  9  inches 
high,  and  weighs  12  to  15  pounds.  It  has  a  very  characteristic  wrinkled  or  ridged 
skin  or  rind,  which  is  likely  caused  by  the  drying  of  molds  and  bacteria  on  the  sur- 
face. When  cut  it  shows  blue  or  green  portions  of  mold  which  give  its  characteristic 
piquant  flavor.  The  price  in  this  country  is  about  45  cents  a  pound  wholesale.  The 
cheese  belongs  to  the  same  group  as  the  Roquefort  of  France  and  the  Goigonzola  of 
Italy. 

The  morning's  milk  is  put  in  a  tin  vat  and  the  cream  from  the  night's  milk  is  added, 
and  the  whole  is  brought  to  a  temperature  of  80^  F.,  when  the  rennet  is  added.  It 
is  claimed  by  some  cheese  makers  that  the  curd  should  be  softer  when  broken  up  or 
cut  than  the  curd  for  Cheddar  cheese,  while  by  others  it  is  believed  that  it  should 
become  very  firm  before  it  is  disturbed,  allowing  one  to  two  hours  for  setting.  When 
sufficiently  firm  the  curd  is  dipped  into  cloths  which  are  placed  in  tin  strainers.  After 
draining  for  one  hour  the  cloths  containing  the  curd  are  packed  closely  together  in 
a  large  tub  and  allowed  to  remain  for  twelve  hours,  when  they  are  again  tightened 
and  packed  for  eighteen  hours.  The  curd  is  ground  up  coarse,  and  salt  is  added, 
1  pound  to  60  pounds  of  curd.  The  curd  is  then  put  into  tin  hoops  8  inches  in  diam- 
eter and  10  inches  deep.  The  cheeses  remain  in  the  hoops  for  six  days,  when  they 
are  bandaged  for  twelve  days,  or  until  they  become  firm,  aud  are  then  placed  in  the 
curing  room  at  65°.  Ripened  Stilton  cheese  is  of  late  often  ground  up  and  put  into 
jars  holding  1  to  2]^  pounds. 

STIlACCHINO. 

This  name  is  applied  to  several  forms  of  Italian  soft  cheeses,  the  best  known  of 
which  is  Stracchino  di  Oorgonzola,  which  is  described  under  the  name  of  Gorgonzola. 
A  square  form  6  to  8  inches  on  a  side  and  IJ  inches  thick  is  known  as  Stracchino  di 
Milano,  Fresco,  Quadro,  or  Quartirola.  This  cheese  is  prepared  similarly  to  Gorgonzola 
but  is  allowed  to  ripen  for  only  about  two  months.  It  is  not  much  exported.  Strac- 
chino Crescenza  is  a  very-  soft  and  highly  colored  cheese  usually  eaten  fresh.  The 
form  is  similar  to  that  of  the  Quartirola.  It  is  usually  marketed  in  about  eight  days 
and  can  not  be  kept  long. 

STYRIA. 

This  is  a  cylindrical-shaped  cheese  made  from  unskimmed  cow's  milk  in  Styria, 
Austria. 
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SWEET  CURD. 

This  is  a  name  applied  in  the  United  States  to  a  hard  rennet  cheese  made  from 
cow's  milk.  The  name  is  used  to  distinguish  it  from  the  ordinary  Cheddar  or  granu- 
lar process,  as  in  making  Sweet  Curd  cheese  the  milk  is  set  sweet  and  the  cutting  and 
cooking  are  done  rapidly  without  regard  to  the  development  of  acid.  In  making 
this  cheese  the  curd  is  cooked  very  firm  and  is  salted  and  put  to  press  immediately. 
In  all  other  respects  the  process  is  the  same  as  for  Cheddar,  and  the  cheese  when  ripened 
resembles  that  cheese  very  closely. 

SWISS. 

Swiss  or  Schweitzer  cheese  belongs  to  the  EmmeAtal  g^up  of  cheeses  and  is  made 
usually  from  half -skimmed  cow's  milk.  Its  manufacture  is  very  old.  It  is  supposed 
to  have  originated  in  the  Alps,  but  is  now  made  in  most  of  the  surrounding  countries. 
It  is  made  mostly  in  the  winter  season  when  the  price  of  butter  is  high,  and  only  for 
local  consumption.  Its  manufacture  differs  from  real  Emmental  in  that  it  is  made 
from  half-skimmed  milk.  The  morning's  milk  is  first  heat«d  and  the  skimmed  even- 
ing's milk  is  added.  The  curd  is  cut  coarser  and  is  not  cooked  so  firm  as  Emmental, 
which  gives  a  softer  and  more'quickly  rijjened  cheese.  . 

TAFI. 

This  cheese  is  manufactured  in  the  Province  of  Tucuman,  in  the  Ai^entine  Bepublir. 

TAMlfe. 

This  cheese  is  made  by  the  Trappiata  in  Savoy.  France.  The  whole  milk  is  heated 
to  about  80°  F.  and  coagulated  with  rennet  in  about  thirty  minutes.  The  curd  is 
cut  fine,  cooked  to  about  100°,  stirred,  and  put  into  molds  7  inches  in  diameter  and 
4  inches  in  height.  The  cheese  is  pressed  for  six  to  eight  hours,  the  cloths  being 
changed  frequently.  After  being  salted  the  cheese  is  ripened  for  five  to  six  weeks. 
The  method  of  manufacture  is.  to  a  large  extent,  a  trade  secret.  The  Tome  de  Beau- 
mont is  a  more  or  less  successful  imitation. 

TEXEL. 

This  is  a  sheep's-railk  cheese  made  in  Holland.  It  was  known  in  the  seventeenth 
century.     A  cheese  weighs  3  to  4  pounds  and  is  colored  green. 

THENAY. 

This  is  a  soft  rennet  cheese  resembling  Camembert  and  Venddme  and  is  made  in  the 
region  of  Thenay  in  the  Department  of  Loir-et-Cher,  France.  It  is  of  comparatively 
recent  origin  and  its  consumption  is  limited  practically  to  the  region  in  which  it  is 
produced. 

The  evening's  milk  without  being  skimmed  is  mixed  with  the  fresh  morning's  milk. 
The  milk  is  set  with  rennet  at  a  temperature  of  about  85°  F.  and  allowed  to  stand  for 
four  to  five  hours.  The  curd  is  then  broken  up  and  put  into  hoops  about  5  inches 
in  diameter  and  4  inches  in  height.  After  draining  for  about  one  day  it  is  turned  and 
salted.  The  cheese  is  then  kept  for  about  twenty  days  in  a  well-ventilated  room 
during  which  time  it  becomes  covered  with  molds.  It  is  then  taken  to  the  curing  cellar 
for  about  fifteen  days. 

TIGNARD. 

This  is  a  hard  rennet  cheese,  resembling  Gex  and  Sassenage,  made  from  sheep's 
and  goat's  milk  in  the  valley  of  the  Tigne,  in  Savoy,  France. 
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TILSIT. 

This  is  a  hard  rennet  cheese  made  mainly  in  East  Prussia  from  unskimmed  cow's 
milk.  It  is  sometimes  called  Ragnit.  The  milk  is  set  at  92^  F.  with  sufficient  rennet 
to  coagulate  in  from  fifteen  to  forty  minutes.  The  curd  is  rather  coarsely  cut  or  broken 
and  is  cooked  to  104®  to  1 10°,  being  stirred  meanwhile  with  a  harp.  The  curd  is  cooked 
quite  firm  or  until  it  can  not  be  squeezed  through  between  the  fingers,  which  requires 
about  forty  minutes.  It  is  then  dipped  into  cylindrical  forms,  where  it  remains 
twenty-four  hours.  The  cheese  is  then  covered  thickly  with  salt  for  from  one  to  two 
days,  when  it  is  put  into  a  salt  bath  for  three  to  five  days  and  then  transferred  to  the 
cellar.  Here  it  is  rubbed  and  washed  with  salt  water  frequently,  and  allowed  to  ripen 
for  four  to  six  months.  The  cheese  is  6  to  12  inches  in  diameter,  3  to  4i  inches  in 
height,  and  weighs  from  6  to  28  pounds.  It  resembles  in  general  characteristics  the 
Brick  cheese  of  the  United  States. 

TOPPEN. 

This  is  a  German  sour-milk  cheese  made  from  skim  milk  and  eaten  while  fresh.  It 
is  put  up  in  small  packages  weighing  about  1  ounce. 

TRAPPIST. 

This  cheese  originated  with  the  Trappists  in  1885  in  the  monastery  of  Mariastem, 
near  Banjaluka,  in  Bosnia.  The  fresh  milk  is  heated  to  alK)ut  85°  F.  and  rennet  is 
added.  After  one  to  one  and  one-half  hours  the  curd,  without  being  cut  or  stirred, 
is  put  into  hoops  and  pressed,  after  which  it  is  salted  and  ripened.  The  growth  of 
mold  is  entirely  prevented  by  frequent  washing  and  thus  the  cheese  ripens  uniformly 
throughout.  The  ripening  period  of  the  smaller  cheeses  is  five  to  six  weeks  in  summer, 
but  the  cheese  is  usually  shipped  at  the  end  of  four  to  five  weeks.  The  cheese  is  pale 
yellow  in  color  and  has  a  remarkably  mild  taste.  Although  this  cheese  is  to  be  classed 
among  the  soft  varieties,  the  water  content  is  often  below  45  per  cent.  The  ripening 
is  also  more  characteristic  of  the  hard  cheeses.  The  smallest  size  of  the  cheese  made 
in  the  monastery  referred  to  has  a  diameter  of  6  inches,  a  height  of  2  inches,  and  weighs 
2  to  3  pounds.  A  larger  size  measures  9  inches  in  diameter,  2}  inches  in  height,  and 
weighs  about  10  pounds.  There  is  also  a  still  larger  size.  The  cheese  is  exported  to  a 
large  extent  to  Austria  and  Hungary,  the  most  important  centers  of  the  trade  in  these 
regions  being  Gratz  and  Budax>(«t.  It  is,  however,  found  in  all  of  the  large  cities  of 
Austria,  and  the  demand  appears  to  bc^  constantly  increasing. 

TRAVNIK. 

This  is  a  soft  rennet  cheese  made  usually  from  whole  sheep's  milk  to  which  a  snuill 
amount  of  goat's  milk  is  added.  Skimmed  milk,  however,  is  sometimes  u«»d.  It  is 
also  known  as  Amauten  and  Vlasic.  This  cheese  originated  in  Albania  in  the  north- 
western part  of  Turkey  in  Eiu-ope  and  has  been  made  for  at  least  a  century.  In  the 
country  of  origin  it  was  known  at  first  by  the  name  Amautski  Sir  or  Amauten  cheese. 
At  the  present  time  it  is  made  in  Bosnia  and  Herzegovina,  but  principally  in  the  Vlasic 
Plain.    The  center  of  trade  in  this  cheese  is  Travnik  in  Bosnia. 

The  fresh  warm  milk  is  treated  with  sufficient  rennet  to  secure  coagulation  in  one  and 
one-fourth  to  two  hours  and  is  then  allowed  to  stand  for  a  short  time  imtil  the  coagulum 
contracts  and  the  whey  appears  on  the  surface.  The  curd  is  then  put  into  woolen 
sacks  and  drained  for  seven  to  eight  hours,  when  it  is  pressed  into  flattened  balls  by 
hand.  These  are  dried  for  a  short  time  in  the  open  air  and  then  packed  into  wooden 
receptacles  varying  in  diameter  from  14  to  28  inches,  having  a  height  of  about  24  inches, 
and  holding  from  50  to  130  pounds  of  cheese.  Each  layer  of  cheese  is  salted  and 
pressed  so  that  no  air  spaces  are  left.  When  the  receptacle  is  filled  the  whey  usually 
shows  at  the  surface,  any  excess  being  removed.    Moderate  pressure  is  applied  to  the 
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cover  placed  upon  the  cheese.  When  fresh,  the  cheese  made  from  whole  sheep's  milk 
has  a  soft  consistency,  a  nearly  white  color,  and  a  pleasant,  mOd  taste.  The  dieese, 
however,  is  usually  allowed  to  ripen  for  two  weeks  to  several  months.  No  holes  should 
develop  in  the  cheese. 

TROUVILLE. 

This  is  a  soft  rennet  cheese  made  in  the  same  locality  as  Pont  P£v6que  and  is  of  the 
same  nature  though  superior  in  quality.  Only  fresh  whole  milk  is  used.  The  tem- 
perature of  setting  with  rennet  is  85®  to  95®  F.  The  growth  of  molds  during  ripening  is 
prevented  by  frequent  washing  with  salt  water. 

TROYES. 

Two  kinds  of  cheese  are  referred  to  by  this  name — one  a  washed  cheese  with  a  yeUow 
rind,  known  as  Ervy,  and  the  other  a  cheese  very  closely  resembling  Oamembert  and 
known  as  Barberey.    The  industry  is  quite  restricted. 

TWOROG. 

This  is  a  sour-milk  cheese  made  in  Russia.  The  soured  milk  is  kept  in  a  warm  place 
for  twenty-four  hours,  when  the  whey  is  removed  and  the  curd  put  into  wooden  forms 
and  subjected  to  pressure.  This  cheese  is  made  on  a  large  scale  by  farmers  and  is  often 
used  in  making  a  bread  called  ^^Notruschki.'* 

URI. 

This  is  a  hard  rennet  cow*s-milk  cheese  made  in  the  Canton  of  Uri,  Switzerland.  It 
has  a  diameter  of  8  to  12  inches,  and  is  8  inches  high.     It  weighs  20  to  40  pounds. 

VACHERIN. 

This  name  is  applied  to  two  quite  different  kinds  of  cheese. 

The  form  designated  Vacherin  k  la  Main  is  made  in  Switzerland  and  in  Savoy,  France. 
Whole  cow*s  milk  is  set  with  rennet  at  a  temperature  of  about  85®  F.,  and  the  curd  is 
cut  very  fine  and  put  into  hoops  12  inches  in  diameter  and  5  to  6  inches  high.  It  is 
salted  and  ripened.  The  rind  is  firm  and  hard  but  the  interior  is  almost  liquid  in  con- 
sistency. It  is  either  spread  on  bread  or  eaten  with  a  spoon.  A  ripened  cheese  weighs 
from  5  to  10  pounds.  A  cheese  of  this  kind  made  in  the  same  region  is  known  locally  as 
Tome  de  Montagne. 

The  form  designated  Vacherin  Fondu  is  made  in  much  the  same  manner  as  Emmen- 
tal  cheese.    The  ripened  cheese  is  then  melted  and  spices  are  added. 

vend6me. 

This  is  a  soft  rennet  cheese  resembling  Camembert  and  Thenay,  and  is  made  in  the 
region  of  Venddme  in  the  Department  of  Loir-et-Cher,  France. 

The  warm  morning's  milk  is  usually  mixed  with  that  of  the  previous  evening,  which 
secures  ordinarily  a  setting  temperature  of  75®  to  85®  F. ,  which  is  desired.  The  period 
of  setting  is  four  to  five  hours  in  summer  and  five  to  six  hours  in  winter.  The  curd  is 
then  broken  up  and  put  into  hoops  about  5  inches  in  diameter  and  4  inches  in  height. 
After  draining  for  twenty-four  hours  the  cheese  is  turned  and  salted,  which  process  is 
twice  repeated  at  intervals  of  twelve  hours.  When  sufficiently  dried  it  is  placed  in  the 
curing  cellar  where  it  is  often  buried  in  ashes.  This  cheese  is  placed  by  some  on  a 
rank  with  Camembert.    The  principal  market  is  Paris. 

VILLIERS. 

This  is  a  soft  rennet  cheese  made  in  the  Department  of  Haute-Mame,  France.  It  is  a 
square  cheese  weighing  about  1  pound. 
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VOID. 

This  ifl  a  soft  rennet  cheese  resembling  Pont  r£v6que  and  Limbing.  It  is  made  in 
the  Department  of  Mouse,  France.  The  milk  is  set  with  rennet  at  a  high  temperature, 
the  whey  is  removed  as  rapidly  as  possible,  and  the  cheeses  during  ripening  are  washed 
frequently  with  salt  water. 

VORARLBBRQ  SOUR-MILK. 

This,  as  the  name  indicates,  is  made  from  sour  cow*8  milk.  It  is  semicircular  in 
shape  and  varies  in  size.     It  is  essentially  a  hard  cheese. 

The  sweet  milk  is  put  in  a  kettle  and  raised  to  77^  F.,  and  sour  thickened  milk  is 
added  and  the  mixture  stirred  and  heated  to  95^,  at  which  temperature  it  coagulates. 
While  this  is  being  stirred  with  a  curd  scoop  the  temperature  is  raised  to  105^.  The 
curd  is  then  dipped  into  forms,  where  it  is  turned  a  few  times  during  twenty-four 
hours.  Salt  is  rubbed  on  the  surface  and  the  cheese  is  placed  in  a  room  having  a  tem- 
perature of  67^.  The  cheese  is  then  placed  in  a  cask  and  held  for  three  days,  and  salt 
is  sprinkled  over  the  surface  daily.  The  ripening  is  completed  in  a  cellar.  When 
ripe  the  cheese  is  greasy  and  has  a  very  strong  odor  and  flavor. 

WBISSLAK. 

This  is  a  soft  cured  rennet  cheese  made  from  cow's  milk  in  the  Bavarian  Algau,  Ger- 
many. The  cheese  weighs  about  2)  pounds,  and  is  rectangular  in  shape,  4)  by  4  by 
3i  inches. 

WBNSLBYDALE. 

This  cheese  derives  its  name  from  the  valley  in  Yorkshire,  England,  in  which  it  is 
made.  It  is  a  rennet  cheese  made  from  whole  cow's  milk.  It  is  cylindrical  in  shape 
and  weighs  from  5  to  15  pounds. 

In  the  old  method  of  manufacture  the  evening's  milk  is  heated  to  KXP  F.,  and  the 
fresh  morning's  milk  is  added.  It  is  set  with  sufficient  rennet  to  coagulate  it  in  thirty- 
five  minutes.  The  breaking  or  cutting  process  requires  thirty-five  minutes,  after 
which  the  curd  is  allowed  to  stand  for  forty-five  minutes  at  90®.  The  whey  is  then 
removed,  and  the  curd  is  put  in  vats  lined  with  cloth  and  light  pressure  is  applied  for 
thirty  minutes.  The  curd  is  broken  up  and  allowed  to  drain  for  one  hour.  It  is  then 
milled  and  is  pressed  for  twenty-four  hours,  when  it  is  wrapped  in  cloth,  and  finally 
put  in  brine  for  three  days. 

In  the  new  method  of  manufacture  the  evening's  milk  and  the  morning's  milk  are 
mixed  in  a  copper  kettle,  heated  to  95®,  and  enough  rennet  is  added  to  coagulate  it  in 
forty-five  minutes.  The  curd  is  then  broken  up  by  hand  or  with  a  breaker.  The 
whey  is  removed  and  the  curd  dipped  into  tin  hoops  where  it  drains  for  three  hours. 
It  is  then  turned  and  drained  for  another  three  hours.  After  pressing  for  twenty-four 
hours,  the  cheese  is  salted  by  immersion  in  brine  for  three  days. 

WEST  FRIBSIAN. 

This  is  a  rennet  cheese  made  from  skimmed  cow 's  milk.  The  milk  is  set  id  a  copper 
kettle,  one  hour  being  allowed  for  coagulation.  The  curd  is  broken  up  and  placed  in 
a  wooden  tub,  where  it  is  kneaded.  The  curd  is  allowed  to  stand  for  several  hours  and 
then  salted.  It  is  pressed  for  three  hours,  washed  in  hot  water,  wrapped  in  a  fine 
cloth,  and  again  pressed  for  twelve  hours.    The  cheese  is  eaten  when  one  week  old. 

WESTPHALIA  SOUR-MILK. 

This  IS  a  hand  cheese  made  in  Westphalia.  Sour  milk  is  stirred  and  heated  to  100^ 
F.,  and  placed  in  a  sack  and  the  whey  pressed  out.  The  curd  is  then  kneaded  by 
hand  and  salted,  butter  and  caraway  seed  oi;  pepper  being  added.  It  is  then  molded 
by  hand,  dried  for  a  few  hours,  and  ripened  in  a  cellar. 
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WHITE. 

Fromage  Blanc,  o^ White  cheese,  is  a  skim-milk  cheese  made  in  France  during  the 
summer  months.  The  milk  is  set  with  rennet  at  about  75®  F.  The  curd  is  usually 
molded  into  cylindrical  forms.  The  cheese  is  consumed  while  fresh  and  may  or  may 
not  be  salted 

WI^HANIA. 

This  is  so  called  because  made  with  rennet  manufactured  from  withania  berries. 
Cheese  made  with  the  rennet  of  these  berries  is  said  to  have  an  agreeable  flavor  if 
ripened  to  the  right  degree,  but  it  develops  an  acrid  flavor  with  age.  The  texture  is 
not  so  good  as  with  animal  rennet.  This  form  of  rennet  is  recommended  for  use  in 
India,  where  the  religion  and  prejudice  of  the  people  make  the  use  of  animal  rennet 
impractical. 

ZIEGEL. 

This  is  a  cheese  made  in  Austria  either  from  whole  cow's  milk  or  from  whole  milk 
to  which  15  per  cent  of  cream  has  been  added.  The  cheese  measures  3  by  2  by  2 J 
inches,  and  weighs  about  one-half  pound. 

In  making  the  whole-milk  cheese  the  milk  is  wanned  to  95°  F.  and  sufficient  rennet 
is  added  to  coagulate  it  in  thirty  minutes.  The  curd  is  broken  up  with  a  harp  and  cut 
loose  from  the  bottom  of  the  vessel,  after  which  it  is  allowed  to  remain  undisturbed 
for  thirty  minutes.  At  the  end  of  this  time  the  curd,  which  is  again  matted  together,  . 
is  cut  into  pieces  and  stirred  gently  for  a  considerable  time,  after  which  it  is  allowed 
to  stand  again  for  fifteen  minutes.  The  collected  whey  is  then  dipped  off  and  the 
curd  is  dipped  into  forms  which  are  24  inches  long,  5  inches  high,  and  hold  the  curd 
of  7  J  to  8  gallons  of  jnilk.  Before  the  fonn  is  filled  a  cheese  cloth  is  placed  in  it  which 
helps  in  turning  the  curd.  The  curd  remains  in  the  form  twenty-four  hours  to  drain 
and  is  then  cut  into  measured  sizes  and  placed  in  another  form,  where  it  is  allowed  to 
remain  for  eight  days,  the  curd  being  turned  and  the  board  on  which  the  form  rests 
being  changed  daily.  Salt  is  then  sprinkled  on  the  cheese  and  for  one  month  it  is 
washed  in  salt  water  and  rubbed  with  the  hands  every  day.  It  is  ready  for  market 
in  eight  weeks  from  the  time  of  making. 

ZIGER. 

This  is  a  cheese  made  from  the  whey  obtained  in  the  manufacture  of  other  cheese. 
It  consists  principally  of  albumin,  but  where  no  effort  is  made  to  separate  the  fat 
from  the  whey  the  product  may  contain  a  relatively  high  proportion  of  fat.  It  is  a 
cheap  food  product  made  in  all  the  countries  of  Central  Europe.  Among  the  many 
names  applied  to  it  are  Albumin  cheese,  Recuit,  Ricotta,  Broccio,  Brocotte,  S6rac, 
and  Ceracee. 

In  the  manufacture  of  this  product  an  effort  is  8t)metimes  made  to  remove  the  fat 
remaining  in  the  whey,  but  in  most  cases  the  fat  is  allowed  to  remain.  Where  it  is 
desired  to  skim  the  whey  a  small  portion  ot  very  sour  whey,  previously  prepared,  is 
added  to  the  sweet  whey  and  the  whole  is  heated  to  160°  to  175°  F.  for  a  few  minutes, 
when  the  fat  collects  on  the  surface  and  can  ho  skimmed  off.  Following  this  a  greater 
portion  of  sour  whey  is  added  and  the  whey  is  then  heated  nearly  to  the  boiling  point, 
when  the  albumin  is  precipitated  in  a  flocculent  condition  and  rises  to  the  surface  of 
the  whey.  WTien  the  whey  is  not  in  normal  condition  tlie  albumin  may  be  precipi- 
tated in  a  powdery  mass.  This  is  often  prevented  by  adding  3  to  5  per  cent  of  butter- 
milk to  the  whey  before  the  last  heating.  The  casein  of  the  buttermilk  is  precipitated, 
the  albumin  being  carried  with  it.  It  is  considered  that  this  addition  of  casein  injures 
the  product.  The  albumin  when  skimmed  from  the  whey  is  salted  and  packed  in  a 
vessel  and  may  be  covered  with  whey. 
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A  80-called  formed  Ziger  cheeee  is  made  by  molding  the  half-dried  albimiin  into 
squares  which  may  be  still  further  dried.  Some  of  these  have  local  names,  such  as 
the  Hudelziger  made  in  the  Canton  of  Glarus,  Switzerland. 

In  Vorarlberg  the  albumin  is  skimmed  from  the  whey,  allowed  to  cool,  placed  in 
cheese  cloth,  and  subjected  to  increasing  pressure  in  an  Emmental  cheese  press. 
After  twenty-four  hours  the  cheese  is  put  into  a  salt  bath  to  which  sweet  cider  and 
vinegar  are  sometimes  added. 

A  mixture  of  Ziger  and  cream  prepared  in  the  Savoy  is  known  as  Gruau  de  Montagne. 
An  albumin  cheese  made  from  the  whey  of  goat's-milk  cheeee  in  the  Canton  of  Grau- 
bUnden,  Switzerland,  is  known  as  Mascarponi. 
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Variety. 

Authority.a 

Number  of 
analyses. 

1 
1 

Water.j  Fat. 

1 

Pro- 
teids, 
amlds, 

etc. 

MUk 

sugar, 

lactic 

add, 

etc. 

Total 
ash. 

Salt  In 
ash. 

Alemtejo 

Hoffman 

Pereira 

Fleiedunann.... 
Lindt 

Eugllng 

Benecke 

Lindt 

Chattaway 

Lindet 

Weems 

BaUand 

Blyth 

Dudaux 

vonKlenze 

Lindet 

Payen 

Arnold 

Johnson 

Maior 

Mellkofl 

BaUand 

Sartorl 

Splca 

Chattaway 

Chattaway 

Arnold 

Chattaway 

Dudaux 

Ltadet. '.''*.'.!!!! 

Macoir 

Muter 

Payen 

Rollet 

Stutzer 

BaUand 

Dudaux 

Lindet 

Patrldc(2) 

1 

Perct. 
30.22 
41.11 
48.39 
32.97 
f73.12 
\61.04 
/45.24 
135.80 
47.71 
50.53 
44.24 
39.62 
37.69 
39.50 
54.30 
38.69 
r48.80 
143.90 
51.90 
50.04 
53.84 
46.06 
55.69 
53.50 
f53.99 
145.25 

41.50 
60.20 
r49.20 
137.70 
43.10 
^49.70 
52.20 
29.50 
fl9.76 
122.09 
23.68 
33.24 
15.34 
24.80 
32.10 
50.41 
49.00 
147.90 
143.40 
45.24 
59.42 
53.80 
49.87 
48.78 
51.94 
52.96 
50.90 
(28.60 
.^35.10 
39.00 
43.48 
44.80 
40.70 
40.90 
39.92 

Perct. 
38.25 
27.49 
31.59 
25.27 
2.76 
6.80 
28.16 
37.40 
24.06 
29.42 
20.52 
30.10 
30.05 
24.40 
23.00 
28.86 
22.45 
28.93 
24.80 
27.50 
29.50 
24.60 
21.42 
22.50 
24.83 
25.73 

36.15 
20.96 
22.30 
32.60 
27.70 
27.00 
26.20 
38.65 
36.71 
35.90 
25.49 
30.09 
19.00 
30.40 
47.10 
20.65 
21.65 
21.90 
22.60 
30.31 
17.24 
22.00 
25.54 
21.35 
21.05 
23.71 
27.30 
34.10 
28.30 
26.90 
25.70 
31.10 
22.50 
29.30 
28.14 

Perct. 
20.87 
21.45 
24.33 
17.77 
19.84 
23.85 
23.14 
24.44 
22.99 
24.48 
21.22 
25.70 
28.88 
9.40 
16.10 
23.80 
19.94 
19.04 
18.10 
18.34 
19.94 
17.16 
17.29 
18.00 
14.94 
18.48 

17.63 
15.94 
23.10 
25.20 
19.60 
14.30 
14.40 
28.84 
37.83 
36.06 
29.25 
35.09 
22.16 
37.20 
24.60 
25.49* 
18.72 
21.80 
24.40 
19.76 
17.13 
17.10 
18.76 
2L07 
18.90 
19.12 
18.66 
28.38 
24,98 
24.22 
22.55 
24.10 
21.50 
20:50 
28.84 

Perct. 
3.06 
4.66 
5.24 
3.82 
2.17 

3« 

*'2.'35' 
3.35 
2.25 

"4*85* 
6.63 

'i*93" 

'*i*37" 
1.00 
2.70 
1.20 
L80 
1.30 
L66 

"5.*95* 
"*4."76* 

'*4.*46* 

■4*46' 
7.22 
5.93 
6.47 
7.60 
4.30 

Perct. 
7.60 
6.07 
6.40 
6.87 
2.11 
4.83 
3.46 
2.36 
2.87 
3.14 
2.71 
4.72 
3.48 
.70 
5.00 
4.20 
3.96 
L50 
5.00 
4.12 
4.37 
3.57 
6.60 
4.00 
5.63 
5.61 

4.70 
1.53 
4.40 
5.80 
7.30 
6.80 
&00 
1.46 
5.60 
6.80 
7.63 
10.60 
5.79 
3.40 
4.40 
3.52 
4.68 
4.70 
3.80 
4.70 
1.56 
4.40 
5.83 
3.46 
4.71 
4.19 
3.14 
4.56 
4.40 
3.95 

"i'so* 

4.50 

Perct. 
2.00 

Backstehi 

(Average 

4{  Maximum 

[Minimum 

2 

2.06 
3.20 
1.18 

2 

Battelmatt 

fAverage 

7  Maximum 

iMinimum 

1  . 

Bellelay 

"3.35 

1 

Bondon 

1 ' 

2 

Bride 

4.30 

Brie 

1 

Average 

&  Maximum 

Minimum . 

1 

1 

*3."22 
3.70 
2.67 

*3."26 

2 ; 

Brie- 

1 

1 

.40 

Brinsen 

2 

8 

■Riirgiindy . 

1 

2 

CadocavaUo 

3.26 

Caerphilly 

(Average 

9  Maximum 

Minimum 

1 

3.16 
3.39 
6.23 
2.10 

Camoridge 

1 

1     . 

Camembert 

1 

2 

1 

3.69 

1 

1 

1 

3.20 
4.01 

1 

1 

Cantal 

1 

1 

3 

3.21 
2.21 

fAverage 

^Maximum .... 
iMinimum 

"2.06 

3  10 

.80 

2.60 

56 


a  See  Sources  of  analytical  data  for  details. 
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V>lJOU«UM 

American. 


Cheddar— 
Canadian. 


Cheddar— 
EngUah. 


Caldwell. 


Clark. 


Cooke 
Drew. 


Van  Slyke. 


Voelcker. 
Wallace.. 


A.Yaia|^o.  . . . 

Maximum . . 
Minimum. . 
Average — 
Maximum . . 
Minimum. . 

Average 

Maximum . . 
Minimum.. 
13  Average..., 


201  Average 

(Average 

Ooessmann j     6^Maxlmum . . 


Patrick  (1). 
Snyder 


Wilson 

Chattaway 

Clark 


8hutteiworth...^,3«Averap*.. 
135  Average  <.. 


Blyth 2  Average.. 


Chattaway 4{  Maximum . 

(Minimum.. 


r  Average... 


Griffiths. 
Hassali.. 
Jones 


Lloyd. 


Voelcker 

Von  Klenze. 

Brannlch... 


Average... 
Maximum . 
Minimum.. 
Average... 
Maximum. 
Minimum.. 


38.50 
28.11 
94.93 
40.04 
3.55 
31.97 
38.16 
26.64 
41.15 

[35.38 
37.66 

|34.62 
31.06 
40.32 
45.41 
.^5.83 
33.09 
38.36 
26.48 
32.71 
37.14 
36.84 
43.89 
32.09 
36.06 
41.15 
32.23 
34.01 
38.10 
29.85 
32.39 
36.42 
41.65 
30.25 

130.53 
31.70 

[43.82 

33.30 
34.07 
36.68 
32.28 
34.60 
32.53 
36.54 
33.61 

28.10 

35.00 

37.70 

33.00 

3&34 

30.10 

36.04 

35.82 

37.73 

.   32.85 

.    35.16 

.   39.43 

.    30.32 

35.22 

(31.62 
•.\27.67 


41.03 
31.19 
32.62 
52.63 
23.20 
27.72 
36.94 
19.58 
15.30 
32.50 
27.  TO 
37.62 
35.54 
26.06 
37.32 
15.77 
38.78 
49.56 
24.77 
35.25 
34.65 
33.83 
36.79 
30.00 
34.43 
45.36 
23.27 
36.81 
44.33 
27.22 
31.44 
36.95 
46.80 
21.77 
41.58 
36.18 
5.96 

30.60 
22.54 
25.67 
20.13 
35.51 
36.06 
33.81 
32.97 

22.50 
29.02 
30.50 
25.60 
34.36 
36.54 
30.40 
30.33 
34.65 
24.00 
30.46 
41.58 
23.21 
27.91 

35.17 
37.35 


28.16 
25.67 
38.01 
55.27 
27.67 
34.62 
41.47 
28.73 
4a  10 
23.91 
25.58 
20.19 
33.41 
29.80 
34.94 
22.13 
21.98 
31.76 
15.38 
26.81 
23.64 
23.72 
26.11 
20.80 
24.45 
28.72 
18.46 
25.09 
30.09 
21.53 
26.57 
21.15 
32.09 
14.11 
23.38 
27.19 
45.04 

27.60 
40.02 
43.52 
33.82 
23.18 
23.94 
23.96 
24..94 

45.60 
27.72 
29.00 
26.TO 
22.98 
3a  15 
28.98 
30.04 
35.10 
22.77 
27.80 
32.37 
23.28 
33.47 

24.50 
26.24 


4.05 
2.71 
4.42 
8.86 
2.41 
3.64 
4.22 
2.50 
3.33 
3.7S 
3.96 
3.71 



1.99 
2.34 
1.66 

3.74  1 

5.14    

2.35    

4.09    

4.73    

2.43    

"".*6i" 

.76 
.51 

"s.'ffi" 
1.36 
2.68 
.41 
2.45 
1.95 
3.12 

"i'io" 



"i'io* 

6.80 
.22 

e4.5- 
e6.61 
7.02 
3.12 
3.61 
5.29 
1.81 
C3.50 
4.59 
2.72 
4.57 
3.81 
4.61 
2.55 
2.06 
2.98 
2.06 

3.60 
3.45 
3.93 
3.14 
C6.70 
07.48 

CS.5S 

4,10 
3.12 
4.30 
3.90 
4.22 
3.21 
4.58 
4.05 
4.60 
3.40 
3.42 
4.31 
2.06 
3.40 

4.09 
4.04 

■"i.49 


;;;;;;; 

"".TO 
1.65 
.09 

1.44 

Cheddar- 
Queensland. 

oThe  15  analyses  are  each  the  average  of  6  monthly  analyses.   The  green  cheese  was  analyzed  by 
Wallace. 
b  Green  cheese  made  at  New  York  State  Agricultural  Experiment  Station,  1892. 
eSugar,  ash,  etc 

i  Green  cheese  made  at  numerous  factories  in  New  York,  1892  and  1893. 
«  Age  of  cheese,  seven  weeks. 
/Age  of  cheese,  five  months. 
«  Green  cheese 
ti  Age  of  cheese,  1  month. 
iCuxedc 
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VABIETIES  OF  CHEESE. 


Analyses  of  cheese — Continued. 


Variety. 

Authority. 

Number  of 
analyses. 

Water. 

Fat. 

Pro- 
teids, 
amlds, 

etc. 

Milk 

sugar, 

lactic 

add, 

etc 

Total 
ash. 

Salt  in 
ash. 

Chfl«hir*» 

Arnold 

1 

Perct. 
24.60 
22.60 
44.50 
52.60 
36.10 
[37.80 
131.60 
27.55 
31.10 
f30.39 
135.92 
J3C.96 
132.50 
3a  20 
f3a28 
138.23 
50.40 
(53.00 
157.80 

f57.60 
\14.00 
30.34 
9.48 
36.49 
47.94 
27.00 
52.10 

49.60 
56.75 
45.99 
49.88 
38.78 
31.60 
41.44 
41.65 
38.46 
/29.23 
129.56 
/37.90 
\38.50 
51.66 
60.38 
41.70 
32.57 
33.62 
42.85 
30.10 
41.88 
42.60 
33.20 
32.80 
/36.10 
\41.  41 
[48.69 
44.44 
46.80 
47.55 
55.34 
41.25 
37.77 
47.54 
30.49 
33.5? 
35.18 
33.00 
37.44 
24.17 
47.30 
fOl.OO 
\16.66 
42.44 
51.58 
58.00 
44.70 
52.04 
33.80 
44.84 

Perct. 
37.08 
39.50 
21.65 
30.67 
9.85 
31.30 
35.30 
36.00 
32.30 
25.48 
26.34 
29.34 
32.61 
30.25 
30.89 
29.12 
20.45 
21.50 
25.00 

39.30 
68,10 
67.32 
50.88 
56.08 
66.80 
43.76 
25.20 

34.00 
21.34 
13.41 
23.70 

9.34 
35.20 
27.56 

8.76 
31.86 
28.71 
27.43 
25.90 
24.29 
11.85 
24.40 

3.83 
32.19 
33.99 
26.73 
27.57 
24.05 
20.00 
28.00 
29.58 
27.54 
25.06 
23.21 
25.37 
23.30 
24.42 
31. 75 
19.73 
23.92 
34.70 

5.75 
30.29 
27.99 
30.60 
33.37 
28.54 
11.40 
19.20 
41.50 

3.36 
31.98 
40.47 
20.85 
29.75 
67.79 
36.73 

Perct. 
33.36 
27.16 
29.25 
32.95 
24.44 
25.70 
26.50 
31.00 
30.90 
34.75 
25.99 
24.08 
26.06 
23.82 
23.93 
24.38 
17.41 
16.90 
13.00 

19.00 

20.10 
2.02 

18. 4D 
6l28 
8.77 
2.00 

13.49 

11.80 

laoi 

30.01 
34.00 
27.09 
24.50 
22.25 
44.09 
25.87 
33.89 
32.31 
27.32 
25.34 
26.82 
31.92 
24.00 
23.98 
23.48 
19.39 
32.81 
29.47 
23.90 
29.60 
28.41 
29.43 
25.63 
21.40 
22.69 
24.24 
22.18 
24.70 
18.95 
30.97 
37.65 
25.51 
29.99 
32.23 
30.34 
37.51 
30.44 
36.34 
16.37 
35.80 
42.12 
11.30 
19.94 

7.20 
11.80 

7.90 
15.48 

Perct. 
"a  80' 

"2.'2i" 

"7;  59* 
5.17 
4.63 
3.81 
3.70 
2.76 
4.80 

'■5.' 77" 

1.27 

2.50 

.22 

8.-28 

■'5.16" 

5.90 
2.65 
4.38 
4.24 



"ios" 

9.07 

"6.35' 
6.34 
5.15 

*2.'66" 

'3.' 83" 
3.79 
2.92 

'".'si' 

"'9.86" 
4.29 
7.09 
2.13 
2.58 

Perct. 
4.85 
3.94 
4.61 
6.00 
3.90 
4.20 
4.40 
3.24 
3.70 
4.78 
4.16 
4.45 
4.31 
3.92 
3.20 
5.51 
6.94 
5.70 
4.10 

3.40 
1.20 

.32 
6.47 

.82 
1.48 

.44 

.93 

3.00 
2.90 
3.63 
4.17 
3.33 
4.24 
4.51 
5.60 
3.81 
&14 
&49 
4.80 
2.80 
0.04 
.7.33 
5.54 
4.67 
2.42 
5.62 
6.84 
4.60 
5.50 
6.60 
5.55 
6.93 
6.21 
3.02 
2.50 
3.68 
65.80 
9.46 
2.51 
6.85 
11.09 
4.60 
5.88 
4.60 
4.17 
4.95 
3.38 
4.96 
3.43 
6.10 
2.22 

.GO 
1.42 

.25 
2.93 

.60 
2.95 

Perd. 

Balland 

1 

Blades , 

ChatUway 

Griffiths 

Lindet 

(Average 

[Minimum.... 

2 

1 

1 

2 



'i.36 

Pa yen 

Voelcker 

Griffiths 

Voelcker 

Balland 

2 

"■*i.9i 

Cotherstone 

1 

1.50 

Co  tilomra  ie  rs 

2 

1 

2 

.79 
2.55 

LIndet 

4.80 

Cream— 

EngiiHh 

Chattaway 

Httssall 

2 

3.00 

1 

Payen 

1 

Vieth 

(Average 

8{ Maximum  ... 
[Minimum 



Cream- 
French  Deml-Sel. 

Balland 

Liiidet 

1 

2  40 

Cresoenza 

Duelaux 

Storch 

1 

1.34 

Danish  Export 

Derbyshire          .  .  . 

[Average 

9^Maxlmmn... 
[Minimum 

1.86 
2  55 

Sheldon 

Griffiths 

Vieth 

1.11 

Dorset 

1 

1 

2  93 

Duiilop 

Jones 

1 

Edam 

Arnold 

2 

Balland .'... 

2 

Cribb 

Dahl 

[Average 

4maximimi... 
[Minimum 

3 

Hassall  

von  Klense 

Lindet 

3  20 

Mayer 

3.30 

Patrick  (2) 

Payen 

2 

Edam — American 

Haecker.\|:.... 

VanSlyker..... 

•' 
Beneckft. /. ., 

Hornlg/L...l... 
von  Kletjfte.l... 

Lindt 

3o 

• 
Emmental. 

[Average — 

18a  Maximum.. 

Minimum . . 

Average 

7  Maximum . . . 

Minimum 

1 

"3*86 
7.60 
1.19 

1. 

• 

[Average 

5{ Maximum.. . 
[Minimum 

Engandine 

.do 

Formagginl  dl  Lecco.. 
Gammelost 

Comalba 

Voelcker 

Balland. 

2 

1.90 

1 

3.00 

Gervais.  .• 

.\verage 

4  Maximum... 

Minimum — 
1 

Kejnig.....;..,. 

Richmond 

Stutzer 

1 

.76 

a  Green  cheese. 


6  Sugar,  ash,  etc. 
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Variety. 

Authority. 

Gpx 

Balland 

GiRlev            

BdKgild 

Gloucester 

-French  . . . 
-Norwegian 

Blyth 

Chattaway 

Griffiths 

HassaU 

Goat-milk— 

Jones 

Voelcker 

Balland 

Lindet 

Goat-mllk- 
Gorgonzola 

Patrick  (2) ' 

Werensklold....' 
Bell 

Chattaway 

Duclaux 

Homig j 

von  Klenae • 

Llndet 1 

Maggiora 

Musso 

Soxhlet 

Gouda 

Arnold 

lerican 

Crlbb 

Mayer 

Patrick  (2) 

Vieth 

Oouda^An 
Gruytee 

Haecker 

Balland 

Benecke 

Chattaway 

Duclaux 

Llndet 

Number  of 
analyses. 


Water. 


1 

(Average 
Maximum . . 
Minimum... 

1 

1 

1 

[Average 

8{  Maximum.. 
(Minimum 


Peret. 
/31.50 
1.12. 10 
49.22 
3&75 
2L40 
f:«.  10 
\37.40 
34.10 

32.  ra 

3.'i.  81 
34.80 
40.88 
28-10 
20.80 
64.80 
17.  73 
20.90 
26.  M 
15.  m 
31.85 


{Average 
Maximum . . 
Minimum... 

1 

1 

(Average 
Maximum . . 
Minimum... 

1 

1 

1 


3b. 


r  Average... 

0{  Maximum. 

[Minimum.. 


HarsHand. 


1. 
1. 

Lindt 2. 


Payen. 
Vieth.. 


Hervd. 
Ilha... 


Incaneatrato. 


Kajmak. 


Kascaval 

Katachkawal] . 
Krutt 


Vieth. 


Balland... 
Hoffmann. 
Perelra 


Spica. 


Zega... 

Maior. 


Leutner. 


37.30 
47.10 
29.82 
43.56 
21.90 
54.79 
60.17 
50.46 
38.80 
35.2:? 
42.58 
46.03 
46.52 
46.50 
29.99 
33.10 
27.50 
40.61 
28.20 
35.70 
36.00 
36. 70 
f34.  57 
135.74 
/40.00 

'' 132.05 

1 1  65.79 

r)0. 19 
.52.  49 
152. 75 
37.50 
28.39 
3().89 
29.07 
32.48 
26.02 
31.55 
36.03 
23.97 
f50.50 

^ 139.10 

16  Average 35.25 

«  7  8.50 

"^ \iai4 


/40.  ,30 
33.90 
'42.80 
38. 69 
36. 72 
26.81 
4L50 


3... 


U 


la 


Average. . . 
Maximum  . 
Minimum.. 
Average... 
Maximum . 
Minimum.. 


Ph>. 


MUk 


P_ t     telda.   J2F*;'  ToUl  Salt  In 
^»t-   »,ni^.    lactic     „.L       „.». 


etc. 


aah.      aah. 


Perct. 

Perct. 

28.85 

29  96 

32  20 

29.86 

2  9<) 

41.53 

28.35 

31.10 

25.40 

48.10 

23.50 

31.80 

28.10 

'28.30 

37.92 

21.68 

29.94 

31. 70 

21.97 

37.96 

28.02 

27.96 

:».  68 

31.75 

22.70 

24.50 

25.90 

33.60 

9.20 

17.10 

46.64 

27.90 

19.86 

7.62 

32.68 

10.63 

10.98 

4.43 

27.88 

34.34 

26.10 

27.70 

26.70 

25.80 

29.70 

23.14 

34  07 

22.78 

3.3.69 

25.67 

35.29 

33.80 

29.00 

19.70 

37.52 

26.75 

34.08 

26.94 

36.19 

26.94 

34.67 

25.16 

39.32 

28.51 

29.00 

20.  .33 

27.95 

24.17 

24.81 

46.95 

9.02 

25.94 

ia37 

34.22 

1.64 

22.06 

31.20 

24  40 

29.40 

27.01 

16.18 

37.43 

31.13 

18.01 

29.04 

19.25 

28.29 

19.64 

28.19 

33.03 

33.40 

37.80 

23.10 

29.64 

26.59 

26.18 

28.60 

31.30 

31.80 

28.70 

29.29 

30.84 

28.00 

28.90 

29.12 

32.61 

30.64 

29.96 

24.00 

31. 60 

28.40 

33.76 

1.34 

37.01 

1.64 

27.72 

1.83 

22.43 

1.11 

19.38 

23.93 

20.86 

32.00 

.30.62 

27.15 

24.30 

24.74 

30.09 

37.48 

38.66 

15.88 

25.16 

65.79 

6.25 

63.82 

8.73 

50.16 

4  94 

14.10 

28.10 

25.50 

28.00 

3L24 

24  25 

1.31 

78.68 

L45 

m.  74 

Perct.  Perct.  Perct. 


5.51 
.34 


.31 


L98 


437 
7.44 
L22 
15u30 


46.81 

58.07 

39.04 

L35 


.21 


L62 

2.00 

.91 


3.04 
3.18 
3.40 
482 
7.40 
L60 
L94 


L50 


fll4  80 

C18.00 

r2L40 

7.71 

2.85 

7.71 


2.01 
3.20 

.42 
2.60 
1.40 
2.84 
1.93 

.81 


4  18 
5.50 

'449 
410 
5.00 
460 
4  32 
6.84 
4.  25 
4  5.3 
6.70 
3.56 
4  40 
&80 
4  74 
6.06 
6.57 
5.14 
4  58 

6.:u) 

4  60 
4?6 
446 
3.71 
410 
480 
4  08 

06.77 
010.46 
3.82 
4  63 
3. 13 
4.32 
6.32 
5.52 
7.30 
426 
6.60 
6.41 
3.81 
2.55 
2.88 
3.12 
3.96 
4  70 
3.50 
4  68 
4  70 
3.70 
3.87 
3.50 
3.80 
3.67 
3.00 
4  79 
6.86 
5.05 
5.25 
5.36 

10.00 
6.14 
3.95 
9.46 

12.70 
4  58 
4  50 
8.38 
2.61 
4  80 
6.00 
6.42 
9.46 

17.84 


1.34 

2.04 

.85 

'406 


2.11 


2.21 
2.64 


2.60 

l;« 


.92 


2.80 
'3.68 


2.10 


.57 
.40 


416 


412 
4  08 


LG6 
1.50 
6.04 
8.12 
.78 
3.07 
7.36 
MO 


3.95 
8.01 
13.34 


o  Abnormally  high  ash  content  was  due  to  a  gypsum  preparation  with  which  the  cheese  was 
coated, 
b  Green  cheese. 
0  Caraway  seed. 
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VARIETIES  OF   CHEESE. 


Analyses  of  cheese — Continued. 


Variety. 


iilole 

'shire 

Leyden 

Limbarg — A  merican. 

Llvarot 

Mainz  Hand 

MaroiUes 

Mascarpone 

Mont-d'Or 

Mflnster 

Mysost 


Autborlty. 


Neufcb&tel. 


Neufch&tel— A  merican , 
N6gelo8t 


Olivet.... 
OlmUtz... 

Parmesan 


Pecoiino 

Petit  Suisse... 
Pineapple 

Pont-l'tv^que 

Pont-I'fevftque- 

American.. 

PortduSalut. 


BalUnd.. 
Griffiths.. 

Voelcker. 

Mayer 

Arnold... 


Johnson 

Balland 

Llndet 

von  Klenze. 

Llndet 

Payen 

Fascettl.... 

Balland 

Llndet 


Number  of 
analyses. 


Water. 


(Average 

4{  Maximum.. 

(Minimum... 

1 

1 

1 

1 

1 

1 


Balland. 
Llndet... 


Dahl 

Voelcker 

WerensVlold . 

Balland 


Blyth 

von  Klenze. 

Martin 


Payen... 

Arnold.. 
J  ohnson . 


Dahl. 


[Average 

6{ Maximum .. 
(Minim  um... 


Perct. 
34.50 
34.77 
f35.21 
\32.89 
46.90 
35.64 
48.60 
23.26 
42.12 
33.80 
52.20 
53.74 
4a  30 
40.07 
/45.88 
,143.38 
•43.20 
58.70 
r45.40 
137.50 
52.40 
23.57 
26.49 
IS.  58 
24.21 


(Average l  29.43 
Maximum...    38.01 
Minimum...    24.37 
9  (50.80 

^ \54.80 

1 '  37.90 

1 1  51.72 

«  /66.08 

^ 157.83 

r34.47 

136.58 

1 37.45 

1 57.25 


Voelcker \    3. 


Balland 

Homig 

Soxhlet 

Arnold 

Chattaway. 

Duclaux 

Llndet 


Manetti . 


48.51 
47.12 
40.54 
43.87 
45.39 
42.44 
28.40 

1 44.54 

1 52.49 

1 

1 


1. 


Patrick  (2) . 

Payen 

Soxhlet 


Sartori . 

Llndet.. 
Clark... 


Johnson. 


Arnold.. 
Balland. 
Undet... 


81 


Average 

Maximum . . 
(Minimum... 

1 

2 

1. 


(Average 
Maximum .. 
Minimum... 

1 

2 


4i 


Average 

Maximum  .. 
[Minimum... 

1 


Arnold.., 
Balland.. 

Duclaux. 

Undet... 
RoUet... 


:i  i: 


23.01 

32.50 

/30.09 

132.56 

34.00 

32.16 

36.11 

30.20 

35.39 

f27.66 

130.31 

34.57 

29.80 

32.90 

27.47 

54.60 

/  3.50 

1  5.20 

24.07 

30.95 

11.62 

44.57 

46.40 

51.00 

26.02 
27.70 
147. 51 
148.02 
38.10 
46.46 


PereL  Perct. 


Pk>- 
etc. 


25.20 
28.00 
27.28 
29.28 
11.00 
29.82 
34.98 
21.29 
29.40 
21.95 
15.00 

5.65 
33.  .W 
28.73 
45.30 
49.50 
23.97 

9.70 
25.90 
29.83 
24.40 
16.26 

ro.98 

9.63 
20.80 
4.08 
10.54 
.07 
25.15 
20.59 
41.30 
23.99 
23.34 
21.00 
41.91 
4D.71 
34.60 
22.30 
6.13 
7.36 
16.87 
15.89 
9.97 
3.36 
48.16 
3.37 
7.70 
12.49 
17.10 
26.04 
21.76 
23.00 
19.13 
23.42 
12.58 
19.72 
16.05 
21.68 
24.05 
30.51 
31.30 
29.96 
35.00 
54.56 
46.46 
38.12 
45.20 
33.26 
21.80 
25.00 
23.10 

50.80 
35.10 
25.93 
24.00 
24.50 
26.31 


28.70 
27.86 
27.03 
29.06 
35.90 
28.53 
35.05 
23.58 
23.00 
31.76 
25.90 
37.33 
20.20 
23.31 
8.14 
7.62 
20.10 
25.30 
16.86 
18.17 
15.50 
8.88 
ia78 
6.79 
9.06 
7.66 
9.19 
6.34 
17.60 
14.43 
23.10 
20.73 
16.67 
17.00 
13.03 
14.18 
24.04 
15.03 
32.72 
31.63 
31.29 
29.93 
33.12 
42.12 
13.98 
41.04 
38.02 
55.85 
43.60 
38.42 
42.27 
35.00 
43.54 
48.93 
38.33 
35.66 
44.08 
34.26 
36.15 
33.51 
35.59 
30.74 
7.30 
36.60 
43.28 
29.35 
34.46 
27.00 
30.36 
20.32 
17.80 

20.64 
31.16 
22.66 
24.29 
24.80 
23.66 


MUk 

sugar, 
lactic 
add, 

Total 
ash. 

etc 

Perct, 

PercL 

a  15 

6.45 

5.21 

4.16 

5.64 

4.04 

442 

4.35 

LOO 

6.20 

6.98 

6.69 

4.82 

.38 

6.10 

8.05 

4.44 

4.40 

3.38 

• 

4.50 

6.93 

.66 

.50 

8.84 

3.89 

4.30 

6.^8 

4.96 

9.75 

4.75 

5.00 

44.84 

4.76 

53.08 

6.09 

30.75 

3.C8 

41.01 

4.92 

53.24 

5.75 

6L38 

6.38 

46.00 

5.06 

6.12 

1.33 

5.98 

4.20 

8.40 

3.56 

1.42 

2.49 

1.32 

2.85 

6.96 

3.63 

9.02 

.51 

3.90 

2.94 

2.48 

8.59 

3.79 

10.36 

3.41 

7.90 

3.17 

6.47 

4.84 

6.39 

6.13 

9.85 

2.22 

6.16 

4.30 

.16 

10.89 

1.79 

8.14 

6.20 

6.46 

6.07 

6.20 

6.29 

7.18 

6.20 

4.82 

6.60 

6.72 

7.09 

6.23 

6.24 

6.84 

6.31 

.60 

6.26 

6.06 

2.49 

6.09 

2.75 

6.18 

2.16 

6.10 

3.97 

6.68 

1.60 

4.00 

2.64 

2.04 

4.00 

4.00 

3.09 

5.30 

3.67 

Salt  In 


Perct. 
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Analyics  of  cheese — Continued. 


Variety. 


Potted- 
American    Club 

Hoiue 

Imperial 

Royal  Paiagon — 

RabM»l 7:. 


Rebbiola 

Reblochon 

Reindeer  milk. 

Romadour. 


Roquefort. 


Ricotta. 


Saloio. 


Sap  Sago. 


Savoy 

Septmoncel 

Berrada  Estrella. 


Authority. 


Number  of 
analysee. 


Water. 


Weema 

Weoms 

Weems 

Hofllmami... 

Comalba.... 

Undet 

Werenskiold. 

Homlg 


von  Klenze. 

Undet 

Patrick  (2) . 
Vieth 


Arnold . 


Balland 

Bell 

Chattaway. 

Homig 

Johnson.... 
von  Klenze. 

Llndet 

Muter 

Patrick  (2). 

Payen 

Sieber 

Sartori 

Sartori 


I 
Servian 2^a. 

Spalen 

StUton 


Hoffmann . . 

Pcrclra 

Arnold 

Benocke 

von  Klenze. 

BaUand 

Balland..... 

BQttner 

Hoffmann . . 

Pereira 


Perct. 

1 ,  38.98 

1 :  30.63 

1 1  32.85 

1 1  16.45 

«  f46.56 

^ ,\45.36 

53.20 

1 27.70 

«  f56.60 

^ \51.21 

1 43.21 

1 1  60.40 

1 1  55.16 

1 :  44.55 

f2&35 
3 m87 

1 122.  47 

1 28.90 

1 1  32.26 

1 '  29.60 

1 36.93 

1 1  39.28 

1 38.94 

1 '  36.90 

1 21.56 

1 34.37 

»  'r26i53 

^ 134.55 

«  /23.54 

^ 136.93 

1« !  68.47 

143.80 
36 '^42.48 

1 143.29 

1 76.25 

«  i54.21 


Fat. 


Pn>- 
telda, 
amlds, 

etc. 


Swisa— American . 


Swiaa— Ruaslan. 

Swisa— Swedish. 
Teasel 


Dahl... 
Mayer, 
a  From  cow's  milk. 


Benecke 

Chattaway. 

Griffiths.... 

Hassall 

Muter 

Patrick  (2) . 

Voelcker 

Arnold 


l.\verago ... 
5< Maximum  . 

[Minimum.. 
1 

Average . . . 

Maximum  . 

Minimum.. 

Average... 
H  Maximum . 

Minimum.. 
1 


12 


Haecker 

Johnson 

Kalantarow... 


1 


145.81 
13.30 
47.02 
38.17 
(52.40 
149.70 
28.20 
43.58 
47.98 
35.22 
31.87 
30.34 
50.07 
24.38 
53.99 
68.84 
42.10 
28.14 
119.40 
hi.  20 
125.00 
31  22 
31.37 
28.60 
32.97 
f32.18 
120.27 
3&51 


Perct. 
34.01 
33.10 
31.52 
37.36 
25.55 
30.56 
20.50 
43.11 
17.05 
9.16 
ia56 
11.90 
14.76 
1&16 
29.98 
33.70 
34.02 
38.30 
34.38 
30.30 
31.23 
29.53 
34.14 
29.50 
35.96 
34  54 
32.31 
30.14 
I  40.13 
!  31.23 
I  5.22 
36.46 
31.64 
31.90 
I  1.78 
25.84 
27.80 
16.52 


5ii 


33.79 

Average '  32.74 

Maximum...   3&44 

(Minimum '  29.80 

1129.34 

3 m64 

136.02 
1 1  64. 4D 

b  From  sheep's  milk. 


12.27 
5.90 
a  45 
31.25 
27.69 
34  56 
19.70 
40.  a5 
27.93 
37.93 
19  30 
19.30 
32.20 
7.77 
33.69 
42.20 
45.80 
34  60 
37.24 
36.58 
30.70 
30.03 
37.36 
43.98 
24.84 
29.93 
33.21 
32.40 
33.26 
32.26 
37.20 
28.07 
36.44 
29.13 
32.06 
18.30 


Perct. 
21.13 
26.88 
27.74 
35.00 
19.09 
2a  21 
19.30 
23.79 
1&76 
33.60 
30.18 
19.60 
2a  06 
32.72 
32.84 
28.82 

25.16 
27.16 
28.30 
25.79 
22.62 
21.92 
20.50 
32.24 
24  40 
31.60 
2a  52 
27.00 
25.79 
ia72 
8.66 
13.61 
12.94 
11.37 
13.63 
15.16 
57.50 
37.06 
46.73 
2&84 
27.32 
32.06 
22.02 
2403 
20.40 
22.18 
23.48 
32.10 
17.83 
21.32 
32.37 
14  66 
3a  78 
21.10 
26.30 
28.40 
24  28 
27.66 
35.60 
23.10 
24  31 
33.66 
32.02 
22.13 
24  82 
22.88 
2a  12 
24.86 
28.81 
20.67 
23.20 
23.21 
24  76 
20.10 


Perct. 


MUk 
sugar, 
lactic 
add, 
etc. 


2.93 


2.vr 

.81 
.02 


3.00 
1.32 


1.77 


3.72 


3.97 
ia36 
11.49 
ia76 
5.28 
2.96 
6.97 


2.90 
3.32 
3.24 
1.77 
443 

aoo 

.57 

ail 

436 
460 
1.40 


ToUl 


Perct. 


9.38 

12.53 

a99 

2.69 

a  13 

1.55 

224 

3.93 

a  78 

.78 

2.63 

5.12 

85 

"  2.55 


3.40 

Los' 

'2.22" 


Salt  In 


Perct. 
1.49 
422 
413 
8.26 
7.90 
3.73 
a70 
2.43 
a  78 

a  01 
a  10 
5.eo 
6.47 
a  57 

&82 
8.66 

a  24 

4C4 
488 
a  70 
4  78 

,  aao 

5.00 
7.00 

ia24 
a  16 

445 
5.07 
6.27 
4  78 
3.62 
.72 
.78 
1.02 
5.32 
3.20 
5.26 
13. 57 

laio 

3.83 

3.48 

400 

450 

400 

435 

3.61 

3.66 

a79 

8.96  I 

3.23 

3.30  I 

481  : 

2.40 

7.38 

2.60 

2.90 

410 

3.86 

4  39 

402 

3.24 

3.93 

2.20 

470 

8.34 

3.06 

3.48 

ao7 

6.78 
7.44 
436 
478 
439 
2.39 

aso 


2.42 
5.80 
1.22 
1.80 


3.90 


a8o 


a27 
aio 


2.49 

2.04 
3.17 


7.53 


.89 
2.57 
5.26 

.94 
1.86 
3.13 

.93 
4  46 


.75 


.89 
.29 


1.86 
2.67 
4  78 
1.46 


3.40 
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Analyses  of  cheese — Continued. 


Variety. 

Authority. 

Number  of 

Water. 

Fat. 

Pro- 
teids, 
amldB, 

etc. 

Milk 

sugar, 

lactic 

acid. 

etc. 

Total 
ash. 

Salt  in 
ash. 

Thonay 

Blin 

Konig 

Rubner 

AdametR 

Llndet 

Benecke 

Lindt 

Per  a. 

30.14 
72.44 
60.27 
45.90 
58,70 
54.02 
46.87 
48.60 
56.33 
29.63 
28.50 
42.99 
5M.85 
32.92 
/&•>.  61 
150.58 
31.97 
33.61 
33.53 
28.30 
37.23 
36.34 
34.44 
39.22 
40.07 
68.61 
74.74 
68.47 
31.00 

Perct.  Perct. 

15. 00     18. 12 
6.22     16.91 
7.33     24.84 

26. 10     23. 30 

18. 60  14. 60 
23.74     18.98 
27.21     25.29 
20.90     27.97 

30. 61  45. 52 
10.80     17.74 
30. 93     34. 19 
17.02     31.19 
31. 99     40. 11 

2.82     25.65 

4.48  I  36.42 

4.56  ,  42.37 

29.06  '  27.43 

30.04     29.70 

30.89     28.19 

33. 30     27. 20 

27.82     26l52 

28.00     31.12 

2&71     29.00 

19.26     34.22 

25.56     26.81 

3. 15     22. 13 

4.33     14.99 

5.22     18.72 

3. 48     64. 62 

1 

Per  a. 

3.07* 
3.54 

'3."  79' 

7.21 
1.81 

"f.ie' 

1.96 
2.84 

"i*88 

"i'eo' 

2.28 
2.24 
3.97 
3.93 
3.97 


Perct. 
6.10 
1.36 
4.02 
4.00 
4.80 
3.08 
1.63 
4.43 
&58 
3.10 
6l38 
4.94 
6l89 
3.79 
2.49 
2.49 
4.36 
5.60 
4.65 
3.  TO 
4.55 
4.41 
4.25 
5.02 
5l33 
2.31 
2.02 
3.62 
.90 

Perct. 
4.80 

Topfen 

Trappiat 

Troves 

3  70 

Vacherin 

1  77 

Venddme 

Fallot 

A\'erage 

6  Maximum 

Minimum 

1  ■ 

.\verage 

9  Maximum 

[Mlniinum 

2 

2.79 
3.68 

Viterbo  .                .  ... 

Sartori 

2.08 
6.03 

Vorarilierg 

EugUng 

von  Kienze 

Voelcker 

Chattaway 

Griffiths 

Jones 

Warwickshire 

3 

""'".'72 
2.78 

Wensleydale 

1 

1.12 

WUtshire 

1 

1 

Ziger 

Voelcker 

EugUng 

von  Klcnze 

3 

3 

'1.03 

.60 

1.41 

1 
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61.  Rubner,  M. 

Analyse  des  sog.  topfens.     Ztschr.  f.  biol.,  bd.  15,  p.  496.     Mllnchen,  1879. 
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AtMrtam:  Desoription,  7. 

Albumin.    See  Ziger. 

Alemtejo:  Description,  7;  Analysis,  5d, 

Algao.    See  LImburg. 

Aigau  Emmental.    See  EmmentaL 

Alpin:  Description,  7. 

Altenbuig:  Description,  7. 

Alt  Kuhkise.    See  Hand. 

Altsohl.    See  Brinsen. 

Ambert:  Description,  7 

And6n  Imperial:  Description,  7. 

Ancona.    See  Pecorino. 

Appenxell:  Description,  7. 

Amauten.    See  TraTnilc 

Auveigne  (or  Auveigne  Bleu).    See  Cantal. 

Backsteln  (eee  aUo  Limbuig):  Description,  7; 
analysis,  M. 

Banbury:  Description,  8. 

Barberey:  Description,  8. 

Battlemat:  Description,  8;  analysis,  M. 

Baoden:  Description,  8. 

Belgian  Cooked:  Description,  8. 

BeUelay:  Description,  8;  analysis,  66. 

Bellunese.    See  Emmenta). 

Beigqaara:  Description,  9. 

Beigues.    See  Leyden. 

Berliner  Kulik&se.    SeeUand. 

Bleu  {tee  aleo  Oez;  Sassenage;  Septmonoel):  De- 
scription, 9. 

Blue  Dorset.    See  Dorset. 

Bondon  (tee  alto  NeufehAtel):  Analysis,  56. 

Boudanne:  Description,  9. 

Boulette.    See  Ifarolllee. 

Box  (Ann):  Description,  9. 

Box  (soft):  Description,  9. 

Bra:  Description,  10. 

Brand:  Description,  10. 

Brick:  Description,  10;  analysis,  Jid. 

Brickbat:  Description,  10. 

Brie:  Description,  11;  analysis,  56. 

Brinsen:  Description,  11;  analysis,  56. 

Briol.    See  Limbuig. 

Brizecon.    See  Reblochon. 

Broccio  (M«afoo  Ziger):  Description,  11. 

Broootte.    See  Ziger. 

Buigundy:  Description,  12;  analysis,  56. 

Cado.    See  Parmesan. 

Caclo  Pecorino  Romano.    See  Pecorino. 

Cado  Romano.    See  Chlyari. 

CadocaTeUo:  Description,  12;  analysis,  56. 

CaeiphiUy:  Description,  12;  analysis,  56. 

(Cambridge:  Description,  12;  analysis,  56. 

(^amembert:  Description,  12;  analysis,  56. 

Canooillotte.    See  Fromage  Fort. 

Csnquillote  (teealto  Fromage  Fort) :  Description, 
13. 


Cantal:  Description,  13;  analysis,  56. 

Carinthian.    See  LImburg. 

Carr4  Affind.    See  Ancien  Imperial. 

CasteUo  Branco.    See  Serra  da  EstrelA. 

Ceracee.    See  Ziger. 

CSuunpolfon:  Description,  13. 

Chaouroe:  Description,  14. 

Cbaschdl  de  Chaschosls:  Description,  14. 

Cheddar:  Description,  14;  analysis,  57. 

Cheshire:  Description,  15;  analysis,  58. 

Cheshire^  til  ton:  Des6ription,  15. 

Chevret.    SeeQoAVsUWk. 

Chevrotin.    See  Goat's  Milk. 

Chivari:  Description.  15. 

Cl^rimbert.    See  Alpin. 

Colmar.    See  If  Onster. 

Commission:  Description,  16. 

(}ompidgne.    See  Camembert. 

Contentin.    See  Camembert. 

Cooked:  Description,  16. 

Cotherstone:  Description,  16;  analysis,  58. 

Cotrone.    See  Pecorino. 

Cottage:  Description,  16. 

Coulommlers:  Description,  16;  analysis,  58. 

Cream:  Description,  16;  analysis,  58. 

Cream,  French  Demi-sel:  Analysis,  58. 

Crescenza:  Analysis,  58. 

Creuse:  Description,  17. 

Cristalinna:  Description,  17. 

Daisies.    See  Cheddar. 

Damen:  Description,  17. 

Danish  Export:  Description,  17;  analysis,  58. 

Dauphin.    See  liaroilles. 

Delft.    See  Leyden. 

Demi-sel.    See  Cream. 

Derbyshire:  Descriptiop,  17;  analysis,  58. 

Devonshire  Cream:  Description,  18. 

Domestic  Swiss.    See  Emmental. 

Dorset:  Description,  18;  analysis,  58. 

Dotter:  Description,  18. 

Dresdener  Blerkase.    See  Hand. 

Dry:  Description,  18. 

Duel:  Description,  18. 

Dunlop:  Description,  18;  analysis,  58. 

Dutch:    SeeCotUge. 

Edam:  Description,  18;  analysis,  58. 

Elblng:  Description,  19. 

Emmental:  Description,  19;  analysis,  58. 

Emmersdorf.    See  Limbuig. 

Engadine:  Description,  21;  analysis,  58. 

English  Dairy:  Description,  21. 

^polsse:  Description,  21. 

Ervy  (tee  ctlso  Troyes) :  Description,  21. 

Farm:  Description,  21. 

Ferme.    See  Farm. 

Filled:  Description,  2L 
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Flats.    5ee  Cheddar. 
Flower:  Description,  22. 
Fondue.    See  Fromage  Fort 
Fontine  d'Aosta.    See  Emmental. 
Fonnagelle:  Description,  22. 
Formaggie  dl  Capra.    See  Goat's  Milk. 
Formagglni:  Description,  23. 
Formagginl  dl  Lecco:  Analysis,  58. 
Formagglo  Dolce.    See  Emmental. 
Fonnaggio  Duro.    See  Nostrale. 
Formaggio  Grana  Lodigiano.    Set  Parmesan. 
Formagglo  Tenero.    Set  Nostrale. 
Fourme.    See  Cantal. 
Fourme  (^Ambert.    See  Ambert. 
Fieisa.    SeeQoolnA. 
Fresco.    See  StraocShino. 
Fromag^re.    5c^  Canqulllote;  Fromage  Fort. 
Fromage  k  la  Cr^me.    See  Cream. 
Fromage  k  la  Pie.    See  Farm. 
Fromage  Blanc.    See  White. 
Fromage  Bleu.    See  Bleu.  . 
Fromage  Double  Cr^e.    See  Cream. 
Fromage  de  Bolte.    See  Box  (soft). 
Fromage  de  Bourgogne.    See  Burgundy. 
Fromage  de  Foin.    See  Hay. 
Fromage  do  Troyes.    See  Barljorey. 
Fromage  Fort:  Description,  22. 
Fromage  Mou.    See  Maqu6c. 
Fromage  Persill^.    See  Ocx;  Bleu. 
Gaiskiisli.    Sec  Goat's  Milk. 
Gammelost:  Description,  22;  analysis,  58. 
Gautrais:  Description,  22. 
Gavot:  Description,  22. 
.  Gcheimrath:  Description,  22. 
G<§rom6  {see  also  MUnster; :  Dcseriptlon,  23. 
Gorvais  {see  also  Cream) :  Description,  23;  analy- 
sis, 58. 
Gcx:  Description,  23;  analysis,  59. 
Gislev:  Description,  24;  analysis,  59 
Glamerkilsc.    See  Sap  Sago. 
Gloire  des  Montagncs.    See  Damon. 
Glumso:  Description,  24. 
Gloucester  {see  also  Derbyshire) :  Analysis,  59. 
Goat's  Milk:  Description,  24;  analysis,  59. 
Gorgonzola:  Description,  24;  analysis,  59. 
Gouda:  Description,  25;  analysis,  59. 
Goumay:  Description,  2i. 
Goya:  Description,  25. 
Grana.    See  Parmesan. 
Granular  Curd:  Description,  25. 
Gratairon.    Sec  Goat's  Milk. 
Gray:  Description,  25. 
Grottcnhof.    See  Limburg. 
Gruau  de  Montagne.    Sec  Ziger. 
Grunerkasc.    See  Sap  Sago. 
Gruyfere:  Description,  26;  analysis,  59. 
Guiole.    See  Laguiole. 
Gilssing:  Description,  26. 
Hand:  Description,  26. 
Hartkase.    See  Saanen. 
Harz:  Description,  26;  analysis,  50. 
Hay:  Description,  26. 
Herv6  {see  also  Limburg) :  Analysis,  50. 
Hobbe.    See  Leyden. 
Hohenburg.    See  Box  (firm). 
Hohenheim:  Description,  27. 
Holstein  Dairy  Cheese.    J9e«  Leather. 


Holstein  Health:  Description.  27. 

Holstein  8kim>mllk:  Description,  27. 

Holsteiner    Gesundheits    Kase:    See    Holstein 

Health. 
Holsteiner  Magerk&se.    See  Holstein  Skim-mUk. 
Hop:  Description,  27. 
Hopfen.    See  Hop. 
Hudelziger.    See  Ziger. 
Hvid  Gjedeost:  Description,  27. 
Igleslas.    See  Pecorino. 
Ihlefeld.    9e«  Hand. 
Ilha:  Description,  28;  analysis,  50. 
locanestrato:  Description,  28;  analysis,  50. 
Isigny:  Description,  28. 
Jochberg:  Description,  28. 
Josephine:  Description,  28. 
Jura.    See  Septmoncel. 
Kajmak:  Description,  28;  analysis,  59. 
Xascaval:  Description,  28;  analysis,  59. 
KatschkawalJ:  Description,  28;  analysis,  50. 
Katzenkopf.    See  Edam. 
Kirglschkase.    .Sm  Krutt. 
KJarsgaard:  Description,  28. 
Kloster:  Description,  20. 
KlencK.    See  Brinsen. 
Knaost.    See  Pultost. 
Koejekaars.    See  Leyden. 
Kolos-Monostor:  Description,  20. 
Komynde.    See  Leyden. 
Koppen:  Description,  29. 
Kosher:  Description,  29. 
Kosher  Gouda:  Description,  29. 
Kr&uterkilse.    See  Sap  Sago. 
Krutt:  Description,  29;  analysis,  50. 
Kuhbach:  Description,  29. 
Laguiole:  Description,  20;  analysis,  60. 
Lamothe.    See  Goat's  Milk. 
Lanark.    See  Limburg. 
Lancashire:  Description,  20. 
Landoch.    See  Brinsen. 
Langres:  Description,  30. 
Lapland:  Description,  30. 
Larron.    See  Maroilles. 
Latticini:  Description,  90. 
Leather:  Description,  30. 
Leder.    See  Leather. 
Leicester  {see  also  Derbyshire) :  Description,  30; 

analysis,  60. 
Leonessa.    See  Pecorino. 
Leyden:  Description.  31;  analysis,  60. 
Lindenhof.    See  Limburg. 
Limburg:  Description,  31;  analysis,  60. 
Liptau  {see  also  Brinsen):  Description,  31. 
Livarot:  Description,  32;  analysis,  6a 
Livlander.    See  Hand. 
Long  Horns.    See  Cheddar. 
Lorraine:  Description,  32. 
LUneberg:  Description,  32. 
Maconnais:  Description,  82. 
Macqueline:  Description,  32. 
Maigre.    See  Farm. 
Majoochina.    See  Incanestrato. 
Malk&se:  Description,  33. 
Mahi2  Hand:  Description,  33;  analysis,  60. 
Malakofl  {see  also  Keufcfa&tel) :  Description,  33. 
Manur:  Description,  37. 
Maqute:  Description,  33. 
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Marianhof.    8te  Limburg. 

Markisch  Hand:  Description,  33. 

llaroilJes:  Description,  33;  analysis,  60. 

Mascarpone:  Description,  34;  analysis,  60. 

Mascarponi.   See  Zlger. 

Manbollen.    See  Edam. 

Mecklenberg  Skim:  Description,  34. 

Mignot:  Description,  34. 

HUano.    See  Straochino. 

Hondsee.    See  Box  (firm). 

Monk's  Head.    5^e  Beilelay. 

Hontasio:  Description,  34. 

Montavoner:  Description,  34. 

Mont  Cents:  Description,  36. 

Mont  d'Or:  Description,  35;  analysis,  60. 

Monthl^ry:  Description,  35. 

Horin.    See  Limburg. 

Mou.    See  Farm. 

MozarineUi:  Description,  35. 

MQnster:  Description,  35;  analysis,  60. 

Mysost:  Description,  36;  analysis,  60. 

Nesael:  Description,  36. 

Neufch4tei:  Description,  36;  analysis,  60. 

Neusohl.    See  Brinsen. 

New  Milk:  Description,  37. 

Niedeniiigkilse.    See  Elbing. 

Nieheim:  Description,  36. 

X5gelo6t:  Analysis,  60. 

Nostrale:  Description,  37. 

Olivet:  Description,  37;  analysis,  60. 

OlmOtzer  Bierkase.    See  Hand. 

Oimutser    Quargel    (OlmUtz):  Description,    37; 

analysis,  60. 
Paglia:  Description,  38. 
Pago:  Description,  38. 
Paneddas.    See  Cooked. 
Parmesan:  Description,  38;  analysis,  60. 
P&t^  Bleu.    See  Bleu. 
Pavilion.    See  Camcmbort. 
Pecorino:  Description,  39;  analysis,  60. 
Pocorino  Dolce.    See  Pecorino. 
Pecorino  Tuscano.    See  Pecorino. 
Petit  Carr6.    See  Anclen  Imperial;  NGufch&tol. 
Petit  Suisse  (.see  also  Neufchiltel) :  Analysis,  60. 
Pflster:  Description,  30. 
Philadelphia  Cream:  Description,  39. 
Pimp.    See  Mainz  Hand. 
Pineapple:  Description,  39;  analysis,  60. 
Poitiers.    See  Goat's  Milk. 
Pont  l'£v6que:  Description,  40;  analysis,  GO. 
Port  du  Salut:  Description,  40;  analysis,  CO. 
Potato:  Description,  40. 
Potted:  Description,  41;  analysis,  61. 
Prattigau:  Description,  41. 
Prestost:  Description.  41. 
Providence:  Description,  41. 
Pro  vole:  Description,  41. 
Provolonl.    See  Provole. 
Puglia.    See  Pecorino. 
Pultost:  Description,  41. 
Quadro.    See  Straochino. 
Quartirola.    See  Stracchino. 
Queso  de  Cincho:  Description,  41. 
Queso  de  Hoja:  Description,  42. 
Qoeso  de  Mano:  Description,  42. 
Queso  de  Palma  Metlda.    See  Queso  de  Cincho. 
Queso  de  Pienaa:  Deacription,  42. 


Queso  de  Puno:  Description,  42. 
Queyraa.    See  Champolton. 
Rabacal:  Description,  42;  analysis,  61. 
Raden:  Description,  42. 
Rangiport:  Description.  42. 
Raper.    See  Rayon. 
Raschera.    See  Nostzale. 
Rayon:  Description,  42. 
Rebbiola:  Description,  43;  analysis,  61. 
Reblochon:  Description,  43;  analysis,  61. 
Rocuit.    See  Ziger. 
Regglan.    See  Parmesan. 
Roggiano.    See  Parmesan. 
Reibkase.    See  Saanen. 
Reindeer  Milk:  Description,  43;  analysis,  61. 
Remoudou.    See  Romadour. 
Rheinwald.    See  Schamser. 
Ricotta  {see  also  Zigor) :  Analysis,  61. 
Rinnen:  Description,  43. 
Riesengebiiige:  Description,  43. 
Robiola.    5^c  Rebbiola. 
Roll:  Description,  43. 
RoUot:  Description,  44. 
Romadour:  Description.  44;  analysis,  61. 
Romano.    See  Pecorino. 
Romatur.    See  Romadour. 
Roquefort:  Description,  44;  analysis,  61. 
St.  Michels.    See  Limburg. 
Saint  Benoit:  Description,  46. 
Saint  Claude:  Description,  45. 
Saint  Marocllin:  Description,  45. 
Saint  Rcmy:  Description,  46. 
Saaland  Pfarr.    See  Prestost. 
Saanen:  Description,  45. 
Sage:  Description,  45. 
Saloio:  Description,  45;  analysis,  61. 
Sap  Sago:  Description,  46;  analysis,  61. 
Sassenage  {see  also  Gex) :  Description,  46. 
Satz.    See  Hand. 
Savoy:  Analysis,  61. 
Scanno:  Description,  4G. 
Scarmorze:  Description,  46. 
Schabrieger.    See  Sap  Sago. 
Schachtclkase.    See  Box  (soft) . 
Schamser:  Description,  46. 
Schlesischor  Sauormilchkaso.    See  Sileslan. 
Schlcslscher  Weichquai^-    See  Siiesian. 
Schloss:  Description,  47. 
Schottongsied:  Description,  47. 
Schiitzcn.    See  Limburg. 
Schwarzonberg:  Description,  47. 
Schweitzer.    See  Swiss. 
S^ectorre:  Description,  47. 
Septmonccl  {see  also  Gex) :  Description,  47;  anal- 
ysis. 61. 
Sdrac.    See  Ziger. 

Serra  da  Estrella:  Description,  47;  analysis,  61. 
Servian:  Description,  48;  analysis,  61. 
Siebenbiligen.    See  Brinsen. 
Siledan:  Description.  48. 
Siraz:  Description,  48. 
Slipcote:  Description,  48. 
Smear-case.    See  Cottage. 
Sorte  Maggenga.    See  Parmesan. 
Sorte  Vermenga.    See  Parmesan. 
Soumaintrain.    See  Gamembert. 
Spalen:  Description.  48;  analysis,  61. 
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Bperrk&se.    See  Dry. 

Spitz:  Deacription,  48. 

Squares.    See  Cheddar. 

Steppes:  Deacription,  49. 

Stilton:  Description.  49;  analysis,  61. 

Straocbino:  Description,  49. 

Stracchino  di  Ooigonzola.    See  Goigonzola. 

Strassburg.    See  MOnster. 

Stringer.    See  Spalen. 

Styria:  Description.  49. 

Sweet  Curd:  Description,  50. 

Swiss:  Description,  50;  analysis,  61. 

Tafl:  Description,  50. 

Tami^:  Description,  50. 

Tanzenberg.    See  IJmburg. 

Temp^te.    See  CanquiUote. 

Tessel:  Analysis,  61. 

T6te  de  liaure.    See  Edam. 

T6te  de  Moine.    See  BeUelay. 

Texel:  Description,  50. 

Tbenay:  Description,  50;  analysis,  62. 

Tbraanen.    See  Emmental. 

Tburingla.    See  Hand. 

Thury-en-Valois.    See  Camembert. 

Tignard:  Description,  50. 

Tilsit:  Description,  51. 

Tome  de  Beaumont.    See  Tami^. 

Tome  de  Montagne.    See  Vacberin. 

Topfen  {See  aUo  Cooked) :  Analysis,  62. 

Toppen:  Description,  51. 

Trappist:  Description,  61;  analysis,  62 

Travnlk:  Description,  51. 


TrouTlUe:  Description,  52. 

Troyes:  Description,  52;  analysis,  62. 

TrockenkAse.    See  Dry. 

Tuile  de  Flandre.    See  Maroilles. 

Tworog:  Description,  52. 

Uri:  Description,  52. 

Vacberin:  Description,  52;  analysis,  62. 

VendOme:  Description,  52;  analysis,  61. 

Vmiers:  Description.  52. 

Vlterbo  itee  aUo  Pecorino) :  Analysis.  62. 

Vlaslc.    fiMTravnik. 

Void:  Description,  53. 

Vonriberg  Sour-milk:  Description,  63;  analysis 

62. 
WaUlskftse.    5e«Saanen. 

Warwlcksbiie  {tee  aUo  Derby sbl  re) :  Analysis,  62. 
Weibenstepban.    See  Box  (firm). 
Weisalak:  Description,  53. 
Wensleydale:  Description,  63;  analysis,  62. 
West  Frieslan:  Description,  53. 
WestpbaUa  Sour-milk:  Description,  63. 
Werderkftse.    S«e  Elbing. 
Wiltshire  {see  alto  Derbysbire) :  Analysis,  62. 
Wltbanla:  DescripUon,  54. 
Wbite:  Description.  54. 
Yorkshire-Stilton.    See  Cotberstone. 
Young  Americas.    See  Cheddar. 
Ziegel:  Deacription,  54. 
Zlegenkftse.    .9m  Goat's  Milk. 
Ziger:  Description,  54;  analysis,  62. 
Zips.    See  Brinsen. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depaktment  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  {?.,  March  13,  1908, 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  106  of  this  Bureau  a  manuscript  entitled 
"Experiments  on  the  Digestibility  of  Prickly  Pear  by  Cattle,''  by 
R.  F.  Hare,  Professor  of  Chemistry  in  the  College  of  Agriculture  and 
Mechanic  Arts  of  the  Territory  of  New  Mexico. 

While  the  experiments  reported  in  this  paper  were  conducted  by 
Professor  Hare  in  cooperation  with  the  Bureau  of  Plant  Industry,  it 
has  been  thought  advisable  to  publish  the  paper  as  a  bulletin  of  the 
Bureau  of  Animal  Industry,  inasmuch  as  it  deals  primarily  with  the 
animal  side  of  the  subject. 

Very  respectfully,  A.  D.  Melvin, 

Ohi^f  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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LETTER  OF  SUBMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 
Washington,  D,  C,  February  10, 1908, 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  bulletin  of  the  Bureau  of  Animal  Industry  the  accom- 
panying manuscript  entitled  "Experiments  on  the  Digestibility  of 
Prickly  Pear  by  Cattle." 

This  paper  was  prepared  by  Prof.  R.  F.  Hare,  chemist,  College  of 
Agriculture  and  Mechanic  Arts  of  the  Territory"  of  New  Mexico,  under 
cooperative  arrangements  with  this  Bureau,  and  was  submitted  for 
the  purpose  of  publication  by  Prof.  W.  J.  Spillman,  in  charge  of  Farm 
Management  Investigations. 

In  previous  bulletins  of  the  Bureau  of  Plant  Industry  and  the  Agri- 
cultural Experiment  Station  of  New  Mexico  much  information  has 
been  published  upon  the  practical  use  and  the  chemical  composition 
of  a  large  number  of  prickly  pears  and  other  cacti.  The  value  of  a 
feed,  however,  is  not  determined  by  the  chemical  composition  alone; 
it  is  also  necessary  to  know  the  percentage  of  digestibility  of  the  nutri- 
ents found  by  the  chemist.  This  information  is  supplied  in  the 
accompanying  manuscript. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Dr.  A.  D.  Melvin, 

Chief,  Bureau  of  Animal  Industry, 
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EXPERIMENTS  ON  THE  DIGESTIBILIH  OF  PRICKLY 
PEAR  BY  CAHLE. 


INTBODUCnON. 

Many  chemical  analyses  have  been  made  of  a  number  of  different 
members  of  the  cactus  family  to  determine  their  value  as  a  feeding 
stuff  for  animals.^  With  this  data  we  are  enabled  to  judge  with  a 
fair  degree  of  accuracy  the  amount  of  the  various  nutrients  con- 
tained by  many  different  species  of  this  group  of  plants,  as  well  as  by 
different  parts  of  the  same  plant.  However,  as  no  record  of  diges- 
tion experiments  with  any  of  the  cacti  has  been  found,  it  was  impos- 
sible to  say  what  proportion  of  the  different  nutrients  were  available 
to  the  animals.  The  increased  use  of  the  prickly  pear  (the  flat- 
jointed  members  of  the  genus  Opuntia)  as  a  feed  for  all  classes  of 
ruminants,  especially  for  range  and  dairy  cattle,  makes  it  important 
for  the  proper  preparation  of  a  ration  that  the  feeder  know  how  much 
digestible  nutrients  to  expect  from  feeding  a  given  quantity  of  the 
plant  either  alone  or  mixed  with  other  feeding  stuffs.  The  following 
experiments  have  therefore  been  conducted  to  determine  the  digesti- 
bility^ of  prickly  pear  and  thus  guide  the  feeder  in  the  preparation  of 
rations  from  this  plant. 

The  investigations  have  been  conducted  in  cooperation  with  the 
Office  of  Farm  Management  Investigations,  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture.  The  author  acknowl- 
edges the  assistance  of  Dr.  David  Griffiths,  of  that  Office,  who  has 
spared  neither  time  nor  pains  in  an  effort  to  make  the  experiments 
successful.  Acknowledgment  is  made  of  the  careful  and  painstaking 
analytical  chemical  work  of  Messrs.  S.  R.  Mitchell  and  R.  B.  Deemer. 

METHOD  OF  CONDUCTINO  DIGESTION  EXPERIMENTS. 

,  The  principle  of  conducting  a  digestion  experiment  is  very  simple. 
First,  the  animal  is  fed  on  the  feeding  stuff  the  digestibility  of  which 
is  to  be  determined  until  all  other  feeds  have  been  removed  from  the 
alimentary  canal,  when  the  animal  is  said  to  be  in  a  condition  of  equi- 
librium with  this  feed.  The  animal  is  then  placed  in  a  stall  specially 
designed  for  feeding  and  for  collecting  refuse  and  excreta  without 
waste.  It  is  then  fed  a  weighed  amount  of  the  feeding  stuff,  the  com- 
position of  which  is  determined  by"  analysis.  AH  the  refuse  is  col- 
lected;  weighed,  analyzed,  and  the  amoimt  of  the  several  nutrients 

•See  Bulletin  60  of  the  ^ew  Mexico  Experiment  Station. 
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which  it  is  found  to  contain  is  subtracted  from  the  amount  of  the 
corresponding  nutrients  fed.  As  nearly  as  possible  that  portion  of 
the  feces  which  corresponds  to  the  weighed  feed  eaten  is  carefully 
collected,  weighed,  and  analyzed.  The  amount  of  the  different 
nutrients  found  in  the  feces  subtracted  from  the  amount  eaten  gives 
the  amount  of  each  nutrient  digested.  This  result,  multiplied  by  100 
and  divided  by  the  amount  eaten,  gives  the  percentage  of  digestible 
nutrients,  which  is  called  the  ''coefficient  of  digestibility.^^ 

DEFINITION  OF   SOME   TECHNICAL  TERMS   AND   DISCUSSION   OF 
TKe  FUNCTIONS  OF  FOODS. 

Most  of  the  readers  of  these  pages  will  doubtless  be  familiar  with 
the  technical  terms  that  are  used  throughout  this  bulletin  and  imder- 
stand  how  the  value  of  a  feeding  stuff  is  determined  from  its  analysis 
and  from  the  digestion  coefficient  of  the  several  nutrients,  but  it  may 
not  be  amiss  briefly  to  define  and  discuss  them  here  for  the  benefit 
of  the  few  who  may  not  be  thoroughly  famihar  with  them.  For  this 
reason  there  are  given  below  definitions  of  some  of  the  terms  used, 
with  the  names  of  the  constituents  that  are  usually  determined  in 
fixing  the  value  of  a  feeding  stuff,  and  a  brief  discussion  of  the  func- 
tions of  each  in  the  animal  body. 

It  should  be  remembered  that  in  the  feeding  of  animals  the  amount 
of  nourishment  obtained  from  any  feed  by  an  animal  does  not  alto- 
gether depend  upon  the  weight  of  the  feed  taken  into  the  body. 
Green  matter,  for  instance,  with  60  to  95  per  cent  of  water  will  not, 
of  course,  furnish  as  much  substance  as  will  cured  fodders  and  grains. 
The  scientific  feeder  must  not  only  prepare  the  rations  for  his  animals 
on  the  basis  of  the  amount  of  dry  matter  present,  but  it  is  also  neces- 
sary that  he  should  know  how  much  nourishment  a  given  amount  of 
this  dry  matter  can  furnish  them.  The  dry  matter  of  the  different 
feeds  has  been  found  to  vary  greatly  in  the  amount  of  nutrients  which 
it  contains  as  well  as  in  its  digestibility.  A  feed  which  has  been 
adulterated  with  cotton-seed  hulls,  chaff,  sawdust,  or  other  fibrous 
and  insoluble  or  difficultly  soluble  matter  would  not,  for  instance, 
be  as  digestible,  and  consequently  could  not  furnish  as  much  nourish- 
ment pound  for  pound,  as  some  feed  in  which  the  nutrients  were  in  a 
form  more  readily  available  to  the  animal.  It  is,  therefore,  not  only 
necessarj"  that  the  amount  of  dry  matter  in  a  feed  be  knowTi,  but  it  is 
equally  important  to  know  the  character  and  composition  of  this  dry 
matter. 

The  animal  body  is  made  up  of  water,  mineral  matter  (or  ash), 
nitrogenous  matter  (or  proteids),  and  fat.  The  function  of  the  feed 
which  animals  eat  is  to  maintain  the  supply  of  this  material  so  that 
they  may  grow,  perform  work,  and  maintain  a  healthy  condition. 
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Fig.  1 .— Opuntia  lindheimeri.    Two-Year-Old  Second  Growth  of  Species  Fed  in 
THE  First  Experiment. 


Fig.  2.— Opuntia  engelmannii  cycloides.    Old  Plants  of  Species  Fed  in  the  Third 

Experiment. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


DEFINITION    OF    TECHNICAL    TERMS.  9 

It  is  a  well-established  fact  that  all  feeds  have  certain  groups*  of 
substances  that  perform  their  peculiar  functions  in  building  the  dif- 
ferent parts  of  the  animal  body,  and  the  object  of  a  chemical  analysis 
of  any  feeding  stuff  is  to  separate  and  determine  these  groups.  They 
are  usually  separated  into  the  following:  Water,  ash,  ether  extract, 
crude  fiber,  protein,  nitrogen-free  extract,  and  organic  matter.  The 
last  named  represents  a  sum  of  the  preceding  four,  and  together 
with  the  mineral  mjatter  they  are  all  called  nutrients.  The  value 
and  function  of  each  of  these  classes  of  nutrients  are  briefly  discussed 
below. 

COMPOSITION    OF    FEEDING    STUFFS. 

Water. — All  foods,  however  dry  they  may  apj)ear,  contain  some 
moisture.  Air-dry  com  meal  or  wheat  flour,  for  example,  which 
may  appear  perfectly  dry  will,  on  the  complete  removal  of  their 
water,  be  found  to  have  contained  from  5  to  15  per  cent.  Some  root 
crops  and  vegetables  may  contain  as  much  as  95  per  cent,  or  even 
more,  of  water.  The  water  naturally  present  in  feeding  stuffs  may 
cause  them  to  be  more  succulent  and  thus  doubtless  aids  their  diges- 
tion, but  an  increase  in  the  water  means  a  necessary  decrease  in  the 
actual  amount  of  food  material  present,  hence  its  presence  instead 
of  adding  to  merely  detracts  that  much  from  the  value  of  any  feed ; 
especially  is  this  true  of  the  concentrated  feeds. 

Mineral  mattery  or  ash,  is  that  portion  which  is  left  after  complete 
combustion  of  the  plant.  While  a  certain  amount  of  ash  is  necessary 
for  supplying  mineral  matter  to  animals  and  in  building  bones  in  the 
young,  there  is  usually  an  abundance  present  in  all  foods;  and  for 
this  reason  no  commercial  value  is  placed  on  the  amount  of  ash  con- 
tained in  the  food,  as  is  the  case  with  proteids,  carbohydrates,  and 
fats. 

Protein  is  a  name  given  to  a  group  of  very  complex  compoimds 
which  are  characterized  by  the  fact  that  they  all  contain  the  element 
nitrogen  combined  with  carbon,  hydrogen,  oxygen,  and  small  amounts 
of  sulphur  and  sometimes  phosphorus.  Albumen  of  eggs,  casein  of 
milk,  and  fibrin  of  blood  are  examples  of  protein  compounds.  Pro- 
tein is  that  material  in  the  food  wliich  serves  as  a  flesh  former,  and 
is  the  only  substance  of  the  food  that  can  be  used  to  build  muscular 
tissue,  skin,  hair,  horns,  blood,  and  connective  tissue.  It  may  also, 
when  in  abundance,  serve  the  function  of  the  carbohydrates  and  fats 
of  the  food.  Alfalfa,  cotton-seed  meal,  all  the  clovers,  and  wheat 
bran  are  examples  of  feeds  rich  in  this  nutrient;  while  prickly  pear, 
straw,  roots,  and  tubers  contain  it  in  very  small  amounts.  Because 
of  its  importance  in  the  dietary,  and  the  fact  that  it  is  not  present 
in  sufficient  amounts  in  all  feeds  to  supply  the  needs  of  animals,  it  is 
usually  the  most  expensive  of  all  the  nutrients.  In  one  State  having 
34749— Bull.  106—08 2 
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a  feeding-stuff  law  a  value  of  2.3  cents  a  pound  was  placed  upon  the 
protein  which  the  food  contained,  while  the  carbohydrates  (nitrogen- 
free  extract  and  crude  fiber)  and  fats  were  priced  at  0.94  and  1.14 
cents,  respectively.  This  is  about  an  average  of  the  prices  usually 
placed  on  these  nutrients. 

In  the  Southwest,  where  alfalfa,  wheat  bran,  and  cotton-seed  meal 
are  three  of  the  principal  feeds,  animals  usually  get  an  excess  of 
protein  over  the  amount  which  they  require,  and  this  excess  is 
undoubtedly  used  to  serve  the  function  of  the  fats  and  carbohy- 
drates— that  is,  to  furnish  heat  and  other  forms  of  energy  and  to 
produce  fat.  Because  of  the  fact  that  the  feeds  mentioned  above 
are  the  most  abundant  ones  for  this  section,  if  a  commercial  value 
were  placed  on  their  various  nutrients  the  proteids  should  be  cheaper 
than  the  carbohydrates  and  fats,  and  such  is  often  the  case.  Wheat 
bran,  cotton-seed  meal,  and  alfalfa  are  usually  found  to  be  cheaper 
than  com  and  other  starchy  grains  and  hays. 

Wliile  the  various  groups  of  proteid  compounds  are  alike  in  that 
the  element  nitrogen  is  common  to  them  all,  they  vary  greatly  in 
the  proportional  amount  of  nitrogen  which  they  ccmtain  as  well  as  in 
their  value  for  building  flesh  and  muscle.  Strange  to  say,  it  is  not 
those  groups  which  contain  the  most  nitrogen  that  are  the  most 
valuable  for  this  purpose.  Those  of  most  value  as  flesh  formers  are 
the  so-called  true  proteids,  or  albumin-like  substances  that  contain 
about  16  per  cent  of  nitrogen.  These  are  most  abundant  in  grains 
and  mature  fodders.  There  are  simpler  groups  of  protein  compoimds 
which  the  chemist  calls  amids  and  amins,  or  better,  nonproteid 
nitrogen  compounds.  They  may  contain  20  per  cent  or  more  of 
nitrogen.  They  are  the  first  products  formed  by  the  plant  in  the 
synthesis  of  nitrogen  compounds  from  the  ammonia  of  the  soil. 
They  may  be  found  in  the  young  and  tender  parts  of  the  plant  or  in 
the  fruits,  and  in  roots  and  tubers.  It  has  been  shown  that  these 
nonproteids  can  prevent  the  waste  of  tissue  when  used  as  a  sub- 
stitute for  albumin  in  food,  but  they  are  unable  to  replace  the  latter 
in  building  flesh. 

Fat  is  the  portion  that  is  dissolved  when  the  dried  powdered  food 
is  treated  with  ether.  This  treatment  theoretically  dissolves  fats 
only,  but  practically  small  amounts  of  gums,  resins,  chlorophyll, 
and  other  substances  go  into  solution  with  this  reagent,  and  the 
material  thus  dissolved  is  often  and  perhaps  better  termed  ether 
extract.  The  fats,  like  the  carbohydrates,  are  used  as  heat  and 
energy  producers,  and  they  are  about  two  and  one-fourth  times  as 
valuable  as  the  latter  for  that  purpose.  One  pound  of  fat  yields 
4,220  calories." 


«One  calorie  in  the  amount  of  heat  required  to  raise  the  temperature  of  1  kilogram 
gf  water  1  degree  Centigrade,  or  1  pound  of  water  4  degrees  Fahrenheit. 
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Crude  fiber  is  the  portion  of  the  food  that  constitutes  the  frame- 
work of  the  plant.  In  the  analysis  it  is  the  part  remaining  after  the 
finely  ground  food  has  been  thoroughly  treated  successively  with 
ether  and  hot  dilute  acid  and  alkali. 

Nitrogen-free  extract  is  represented  by  the  sugars  and  starches,  and 
includes  all  of  those  compounds  of  carbon,  hydrogen,  and  oxygen 
that  are  dissolved  by  boUing  the  fat-free  material  consecutively  for 
thirty  minutes  each  in  dilute  acid  and  alkali  of  definite  strengths. 
AU  of  this  group  of  bodies,  together  with  that  part  of  the  crude  fiber 
which  is  digested  by  the  animal,  are  collectively  called  carbohydrates. 
They  serve  the  same  function  as  the  fats  in  the  animal  system,  but 
are  not  so  concentrated  a  food.  One  pound  of  carbohydrates  yields 
about  1,860  calories,  hence  wo  say  that  fats  which  yield  4,220  calories 
per  pound  have  two  and  one-fourth  times  the  value  of  carbohydrates 
as  heat  producers. 

FUNCTION   OF  THE   NUTRIENTS. 

The  two  main  functions  of  food  are  to  produce  tissue  and  to  fur- 
nish energy.  Proteids  alone  are  used  for  the  former  purpose,  whUe 
fats,  carbohydrates,  and  excess  of  proteids  can  all  be  used  for  the 
latter.  The  amount  of  food  used  for  building  tissue  is  comparatively 
small,  hence  the  ratio  of  proteid  to  nonproteid  nutrients  may  be 
quite  wide,  especiaUy  for  grown  animals  that  are  doing  hard  work. 

Since  the  important  functions  of  any  food  are  performed  by  the 
proteids  and  nitrogen-free  nutrients  (fats  and  carbohydrates)  they 
contain,  the  amount  of  these  present  and  in  a  form  available  to  the 
animal  is  a  measure  of  the  value  of  that  food. 

METHOD  OF  DETERMININa  THE  DIGESTIBLE  NTJTBIENTS  OF 
PRICKLY  PEAB  FROM  THE  COMPOSITION  AND  DIGESTION 
COEFFICIENT. 

An  average  of  several  analyses  of  a  certain  variety  of  prickly 
pear  (Opu7itia  lindheimeri)  shows  it  to  have  the  following  composi- 
tion: Wate/,  83.41  per  cent;  ash,  3.48  per  cent;  protein,  0.75  per 
cent;  ether  extract,  0.31  percent;  crude  fiber,  2.64  per  cent;  nitrogen- 
free  extract,  9.41  percent;  total  organic  matter,  13.11  per  cent. 

By  feeding  this  plant  to  steers  we  find  the  following  coefficient 
of  digestion  of  the  nutrients  present  for  this  class  of  animals:  Pro- 
tein, 58.25  per  cent;  fat  (ether  extract),  67.90  per  cent;  crude  fiber, 
41.32  per  cent;  nitrogen-free  extract,  82.59  per  cent.  With  these 
figures  we  calculate  the  following  digestible  nutrients  from  the  above 
analyses  by  multiplying  each  nutrient  by  its  coefficient:  Proteids, 
0.45;  fat,  0.21;  carbohydrates,  7.77.  The  nutritive  ratio,  or  the 
ratio  between  digestible  proteids  and  nitrogen-free  material,  i.  e., 
fat  X  2.25  +  total  carbohydrates,  in  this  sample  of  the  plant,  is  1 
to  18.3. 
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PBEPABATIOK  OF  STANDARD  RATIONS. 

As  before  stated,  the  value  of  a  feed  does  not  necessarily  depend 
upon  the  amount  of  proteids,  carbohydrates,  and  fats  which  it  con- 
tains, but  rather  upon  the  amount  of  these  contained  in  the  feed 
that  is  available  to  animals.  If  digestion  experiments  show  that 
a  comparatively  large  amount  of  the  nutrients  pass  into  the  feces, 
then  in  order  that  the  animal  may  secure  sufficient  nutrients  to 
supply  the  purpose  sought  there  must  be  a  corresponding  increase 
of  the  ration.  For  the  guidance  of  the  feeder  in  the  proper  prepa- 
ration of  his  ration,  tlie  digestion  coefficient  has  been  determined 
for  practically  all  ordinary  feeds  and  for  the  several  kinds  of  farm 
animals.  Experience  has  proven  that  the  best  results  are  obtained 
in  feeding  when  the  digestible  nutrients  are  fed  to  the  animal  in 
certain  definite  amounts.  Tables  of  feeding  standards  have  been 
compiled  by  German  and  American  scientists  in  which  are  given  the 
daily  amounts  of  each  nutrient  required  by  our  common  farm  animals 
of  a  given  weight  and  for  a  specific  purpose.  In  the  feeding  of  milch 
cows,  for  example,  the  standard  fixed  by  the  German  scientist  Wolff 
is  the  one  probably  most  used  in  this  country  at  present.  It  is 
based  on  observation  of  the  feeding  practices  of  the  best  German 
feeders,  together  with  feeding  experiments  by  trained  specialists. 
There  is  a  prevalent  opinion  in  the  United  States  that  the  Wolff 
standard  for  milch  cows  is  somewhat  higher  in  proteids  than  is 
necessary  for  the  best  American  ration.  Several  attempts  have 
been  made  by  scientists  in  the  United  States  to  determine  what  the 
proper  standard  is  for  this  country.  Below  is  given  a  table  taken 
from  the  Connecticut  (Storrs)  Experiment  Station  report  for  1894,  in 
which  is  given  the  German  standard,  together  with  four  rations 
which  have  been  proposed  by  different  authorities  for  the  United 
States. 

Table  1. — German  (Wolffs s)  standard  ration,  together  ivith  averages  of  some  American 
rations  and  a  tentatively  suggested  ration  per  1,000  pounds  live  weight. 


Rations. 


Digestible  nutrients. 


Wolff's  (Gorman )  standard 

Average  of  128  American  rations,  com-  j 
piled  by  tlie  Wisconsin   Experiment 
Station I 

Average  of  16  rations  as  fed  in  Connecti- 
cut in  1892-93 '. 

Average  of  25  rations  as  fed  in  Connecti-  | 
cut  in  1892-94 ' 

Tentatively  stiggestcd  ration  « 


Organic 
matter. 

Protein. 

p,^.      1  Carbo- 
*"•      hydrates. 

Fuel 
value. 

Nutri- 
tive ratio. 

Pounds.    Pounds. 

Pounds. 

Pounds. 

Calories. 

24.0 

2.50 

"" 

12.50 

29,600 

1:5.4 

24.5 

2.15 

.74 

13.27 

31,250 

1:6.9 

26.4 

2.48 

.94 

14.09 

34,800 

1:6.6 

26.8            2.51 

.90           13.92 

34,350 

1:6.3 

2.'i.0            2.50 

.5  to  .8       13tol2 

31,000 

1:5.6 

o  In  this  suggested  ration  the  fuel  value  could  be  supplied  by  about  0.5  pound  of  digestible  fat  and  13 
pounds  of  digestible  carbohvdrates;  by  O.G  pound  of  aigestibie  fat  and  12.5  pounds  of  digestible  carbo- 
hydrates; or  by  0.8  pound  of  digestible  fat  and  12  pounds  of  digeatible  carbohydrates. 
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It  will  be  seen  from  the  table  that  about  the  only  material  change 
recommended  by  American  scientists  consists  in  an  increase  of  the 
fats  and  carbohydrates.  It  would  appear  that  this  much  difference 
might  almost  result  from  individuality,  and  the  feeder  would  be  safe 
in  using  any  of  these  rations  that  common  sense,  good  judgment,  and 
his  experience  with  the  individual  animals  would  indicate  to  him  to 
be  best.  .  In  New  Mexico,  where  proteid  feeds  are  cheap,  the  nutri- 
tive ratio  of  the  Wolff  sUndard  would  probably  not  be  too  narrow. 
In  fact,  narrower  rations  than  those  proposed  by  him  are  used  here 
constantly  with  splendid  results. 

By  the  use  of  the  above  table  a  balanced  ration  can  be  prepared 
from  prickly  pear  when  its  digestible  nutrients  are  knowTi,  by  so 
mixing  it  with  other  feeds  as  to  obtain  the  nutrients  in  the  right  pro- 
portion. Suppose,  for  example,  we  desire  to  prepare  a  ration  com- 
posed in  part  of  prickly  pear  for  a  1,000-pound  milch  cow  yielding 
22  pounds  of  milk  per  day.  Using  the  Wolff  standard  of  2.5  pounds 
protein,  0.5  pound  fats,  and  13  pounds  carbohydrates  as  our  basis, 
and  feeding  100  pounds  of  prickly  pear  per  day,  the  cow  would  get 
the  following  nutrients,  as  calculated  above  from  the  species  Oimntia 
lindheimeri:  Proteids,  0.45  pound;  fats,  0.21  pound;  carbohydrates, 
7.77*  pounds.  This  leaves  a  balance  of  2.05  pounds  protein,  0.29 
pound  fat,  and  5.23  pounds  carbohydrates  to  be  supplied  by  some 
other  feed.  Since  the  ratio  of  proteids  to  nonproteids  (nutritive 
ratio)  in  this  variety  of  pear  is  1  to  21.7,  and  a  ratio  of  1  to  5.7  is 
the  Wolff  standard  for  such  a  cow,  it  is  evident  that  some  feed  rich 
in  protein  should  be  mixed  with  the  prickly  pear  to  narrow  it  down 
to  this  ratio.  Cotton-seed  meal,  wheat  bran,  or  alfalfa  could  be  used 
for  this  purpose,  but  cotton-seed  meal,  if  fed  in  quantity,  contains 
so  much  protein  that  it  makes,  perhaps,  too  narrow  a  ration  for  the 
best  results;  besides,  animals  scour  when  fed  cotton-seed  meal  and 
prickly  pear  alone,  and  if  possible  these  should  be  fed  in  connection 
with  some  cured  fodder. 

In  Bulletin  60  of  the  New  Mexico  Experiment  Station  a  balanced 
ration  of  prickly  pear  is  discussed  and  rations  containing  this  fe^d 
are  suggested.  At  the  time  the  bulletin  was  written  the  coefficient 
of  digestion  for  prickly  pear  had  not  been  determined,  and  in  calcu- 
lating the  rations  its  digestibility  was  assumed  to  be  the  same  as  that 
of  green  com  fodder.®  That  the  digestion  coefficient  of  prickly  pear, 
calculated  from  the  coefficient  of  green  com  fodder,  is  verj'  similar  to 
that  obtained  from  actual  digestion  experiments  may  be  seen  from 
the  table  following. 

o See  Bulletin  77,  Office  of  Experiment   Stations,   United  Statt^H  Department   of 
Agriculture,  p.  82. 
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Table.  2. —  Total  nutrients  of  prickly  pear  {Opuntia  lindheimeri),  the  digestible  nutri- 
ents as  obtained  by  experiment,  and  the  calcuUUed  digestible  nutrients  obtained  by  using 
tlie  digestion  coejfficient  of  green  com  fodder. 


I  Nitrogen-  I   rarbo- 

Narae  of  nutrient.  ,  Protein.  I      Fat.  free      ,    Fiber,    kydratea 

I  I  extract.  I  u>uriii«ai. 

'ill' 
Prickly  pear:  Per  cent.  \  Per  ceTit.  Per  cent,  \  Per  cent.  Per  cent. 

CompoBltlon '  0.75  0.31  9.41  j  2.61  I  2.01 

Dlgeatible  nutrients  as  determined '  .44'           .21  7.77  1  1.09'  8.86 

Digestible  nutrients  as  calculated  from  data  i  i                                  i  I 

obtained  with  green  corn  fodder .49  1           .22]  6.87  1.76  '  8.63 

From  the  foregoing  table  it  may  be  seen  that  the  coefficients  of 
digestion  of  green  corn  fodder  that  were  used  for  calculating  the 
digestibility  of  prickly  pear  in  the  preparation  of  a  balanced  ration 
in  Bulletin  60  are  sufficiently  close  to  allow  the  ration  there  given  to 
remain  unchanged. 

The  proteids  of  the  prickly  pear  do  not  appear  to  be  quite  as 
digestible  as  those  of  green  corn  fodder,  the  fats  are  about  the 
same  in  both,  while  the  nitrogen-free  extract  is  more  for  the  prickly 
pear,  the  crude  fiber  is  less,  but  the  total  digestible  nutrients  are 
about  the  same,  being  slightly  in  favor  of  prickly  pear. 

PLAN  OF  THE  EXPERIMENTS. 
THE   ANIMALS   USED. 

Five  different  digestion  experiments  are  included  in  this  study. 
In  all  cases  wild  range  steers  from  2  to  3  years  old  were  the  animals 
selected.  The  steers  being  very  wild  were  quite  difficult  to  handle 
properly,  but  it  seemed  impossible  to  get  tame  steers  and  at  the  same 
time  those  accustomed  to  eating  prickly  pear.  In  fact,  a  gentle 
steer  is  practically  unknown  on  the  ranges.  Plenty  of  milch  cows 
were  available,  but  were  not  used  because  of  the  difficulty  of  keeping 
separate  the  liquid  and  solid  excreta.  Both  sheep  and  goats  eat 
prickly  pear,  but  none  that  could  be  used  in  this  work  were  found 
convenient;  besides,  steers  were  preferred,  it  being  deemed  more 
desirable  to  get  the  data  for  cattle,  since  they  are  fed  this  plant 
more  extensively  than  are  any  other  animals.  Experience  has  shown 
that  there  may  be  a  slight  difference  between  the  digestion  coeffi- 
cient obtained  from  sheep,  goats,  and  cattle,  yet  for  all  practical 
purposes  this  factor  may  be  assumed  to  be  the  same  for  all  ruminants. 
Two  steers  were  used  in  each  of  the  experiments  so  as  to  minimize 
any  difference  due  to  individual  animals  or  slight  errors  due  to 
manipulation.  It  is  usually  customary  to  use  two  animals  in  this 
work;  sometimes  more  are  used,  and  of  course  the  larger  the  number 
the  more  trustworthy  should  be  the  result. 
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THE    DITFERENT    RATIONS    I'SED. 

The  first  experiment  was  conducted  at  San  Antonio,  Tex.,  in 
January,  1906.  In  this  experiment  the  steers  were  fed  prickly  pear 
alone  for  about  three  weeks.  During  the  last  four  days  they  were 
confined  in  stalls  and  all  their  feed  and  refuse  were  carefully  weighed, 
the  feces  and  urine  being  collected  in  a  manner  described  later. 

Experiments  Nos.  2,  3,  4,  and  5  were  all  conducted  in  the  spring 
of  1907  at  the  Agricultural  (\)llege  of  New  Mexico.  Grade  Hereford 
steers  were  used  in  each  experiment. 

In  experiment  No.  2  prickly  pear  was  fed  alone,  as  in  experiment 
No.  1  conducted  at  San  Antonio  the  previous  year. 

In  experiments  Nos.  3  and  4  prickly  pear  was  mixed  with  other 
feeding  stuffs  (alfalfa  in  experiment  No.  3,  cotton-seed  meal  in  No. 
4),  to  determine  what  effect,  if  any,  these  feeds  might  have  on  the 
digestibility  of  the  prickly  pear,  or  vice  versa. 

In  experiment  No.  5  the  digestibility  of  the  alfalfa,  which  was  fed 
with  prickly  pear  in  experiment  No.  3,  was  determined. 

The  digestibility  of  the  cotton-seed  meal  when  fed  alone  was  not 
determined  as  was  done  with  alfalfa,  it  being  decided  to  accept  the 
digestion  coefficients  secured  by  other  experiments  for  this  feed. 

Summarized,  the  experiments  were  made  to  determine — 

(1)  Digestibility  of  prickly  pear  {Ojmntia  lindheimeri) . 

(2)  DigestibiHty  of  prickly  pear  (0.  l^^isf), 

(3)  Digestibility  of  pricklv  pear  (O.  engelmamni  cucloides)  and 
alfalfa. 

(4)  Digestibility  of  prickly  pear  (0.  engelmaimii  cydoidts)  and 
cotton-seed  meal. 

(5)  DigestibiHty  of  a  fair  quality  of  second-cut  alfalfa. 

DESCRIPTION    OF   THE    STALLS. 

A  good  idea  of  the  stalls  used  in  these  experiments  may  be  obtained 
from  figure  1.  They  were  made  of  proper  length  and  breadth  so  that 
the  steers  could  lie  down  comfortably,  but  not  wide  enough  to  permit 
them  to  turn  around.  The  stalls  used  at  the  college  were  about  8} 
feet  long  and  4  feet  wide.  Most  of  the  floor,  which  had  a  slight  inclina- 
tion from  both  front  and  rear  to  ^ard  the  center  and  to  one  side  of  the 
stall,  was  covered  with  thick  rubber  cloth.  The  inclination  of  the 
floor  allowed  all  the  urine  to  run  to  the  middle  of  the  stall,  where  it 
was  caught  in  a  galvanized  iron  trough  and  conducted  to  vessels  out- 
side the  stall,  as  shown  in  the  illustration.  The  urine  trough  ran  the 
entire  width  of  the  stall  near  the  center  and  just  beneath  the  floor. 
A  narrow  1-inch  strip  was  nailed  across  the  floor  of  the  stall  in  such  a 
manner  as  to  prevent  any  licjuid  feces  from  running  into  the  urine 
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trough.  The  side  and  back  walls  of  the  stalls  were  lined  with  gal- 
vanized iron  wherever  there  was  any  danger  from  spattering  of  feces. 
The  feed  trough  was  made  perfectly  tight,  and  so  placed  that  the 
animals  could  eat  with  comfort  and  not  waste  their  feed.  The  stalls 
were  covered  and  placed  in  a  position  to  make  the  animals  as  com- 
fortable as  possible. 


Fig.  1.— The  stalls  used  in  experiments  Nos.  2  to  5. 
THE    FEEDING. 

The  preliminary  feeding  period  which  preceded  the  experiment 
proper  was  never  less  than  seven  days,  usually  more.  In  this  time 
there  was  little  possibility  of  any  other  food  being  left  undigested  in 
the  animals^  systems.  The  steers  were  then  placed  in  the  stalls  and  a 
weighed  amount  of  the  feed  was  given  them  twice  each  day,  a  sample 
being  reserved  for  analysis  each  time  before  weighing.  The  prickly 
pear  was  first  prepared  by  singeing  the  spines  by  means  of  a  brush 
fire  and  chopping  the  singed  stems  into  small  pieces  with  a  large  knife 
or  root  chopper.  A  quantity  of  this  feed  was  kept  before  the  animals 
most  of  the  time  for  a  period  of  five  days,  the  refuse  being  removed 
and  weighed  twice  each  day. 
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COLLECTING   THE   FECES. 

After  the  preliminary  period  of  a  week  or  more  the  steers,  which 
during  this  time  had  the  run  of  a  small  indosure,  were  placed  in  their 
stalls,  but  the  feces  were  not  collected  for  twenty-four  hours  afterwards. 
This  was  assumed  to  be  the  feces  from  the  first  feed  that  was  weighed 
to  them  the  day  before.  While  this  is  an  unsatisfactory  method  of 
determining  the  first  weighed  feed,  it  seemed  the  best  that  could  be 
done,  and  it  is  believed  that  the  error  resulting,  if  any,  was  not  large 
when  the  sum  of  the  feces  for  the  five  days  was  taken.  It  is  a  difficult 
matter  to  mark  the  beginning  of  a  digestion  experiment  with  steers. 
In  experiments  of  this  kind  with  man  or  animals  other  than  ruminants 
it  is  customary  to  use  charcoal  or  some  indigestible  material  of  a  dif- 
ferent color  from  the  feces,  which  will  give  a  distinct  Une  of  separation 
between  feces  from  weighed  and  un weighed  food,  but  with  the  steers 
the  marking  of  the  weighed  feed  was  not  so  simple.  The  experi- 
ment was  tried  of  giving  a  small  handful  of  weighed  uncrushed  corn 
as  recommended  in  Minnesota  Experiment  Station  Bulletin  99,  but 
the  method  was  found  unsatisfactory  in  this  instance  because  at  times 
the  corn  did  not  appear  for  three  or  four  days,  and  then  it  did  not  all 
come  together. 

Usually  in  digestion  experiments  with  animals  it  is  customary  to 
fasten  rubber  bags  to  them  by  means  of  a  harness  to  catch  the  excreta, 
but  this  was  wholly  impracticable  with  any  range  steers  that  could  be 
obtained.  Hence  it  was  necessary  to  arrange  the  stalls  as  well  as 
we  could  for  the  separation  of  feces  and  urine,  and  to  keep  an  attend- 
ant constantly  with  the  steers  during  the  entire  experiment.  The 
work  was  made  unusually  difficult  because  the  steers  were  wild  and 
somewhat  nervous  all  the  time.  Then,  too,  as  the  prickly  pear 
caused  diarrhea  or  *' scouring"  in  the  animals,  extra  care  had  to  be 
exercised  to  prevent  loss  of  feces  from  spattering  and  otherwise;  but 
it  is  beUeved  that  with  the  precautions  taken  the  method  used  was 
quite  as  satisfactory  as  the  method  of  collecting  in  bags. 

COLLECTING   THE    URINE. 

Since  the  digestibility  of  a  food  is  shown  by  the  difference  belween 
the  amount  eaten  and  the  amount  undigested,  all  of  which  is  found 
in  the  feces,  there  can  be  no  object  in  collecting  the  urine  when  the 
digestibiUty  of  the  food  is  all  that  is  sought.  This  is  therefore 
collected  only  when  it  is  desired  to  know  something  of  the  metab- 
olism of  the  nitrogen  of  the  food.  The  solid  matter  of  urine  other 
than  the  inorganic  salts  is  principally  urea  and  other  highly  nitroge- 
nous compounds  resulting  from  a  waste  of  muscular  and  other  nitrog- 
enous tissue,  the  kidneys  being  the  principal  organs  through  which 
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this  waste  is  excreted  from  the  body.  The  excess  of  nitrogenous 
matter  from  the  digested  proteids  of  the  food  may  also  be  found  in 
the  urine. 

In  the  experiments  the  urine  was  collected,  weighed,  and  analyzed 
for  the  purpose  of  studying  the  income  and  outgo  of  nitrogen  vAih 
the  different  feeds,  in  some  of  which  the  proteids  were  present  in 
very  small  amounts,  wliile  in  others  the  nutritive  ratio  was  much 
narrower  than  that  given  by  Wolff  for  oxen  at  rest  in  stalls.  The 
results  of  this  study  of  nitrogen  metabohsm  are  given  in  Table  17, 
and  are  discussed  under  *' Income  and  outgo  of  nitrogen''  in  another 
part  of  this  bulletin. 

PREPARATIOX    OF   THE    SAMPLES. 

Samples  of  the  feed  and  refuse  were  collected  twice  daily,  and  of 
feces  and  urine  once  each  day.  After  a  moisture  determination 
had  been  made  on  the  samples  of  feed  and  refuse  for  each  day  the 
dry  matter  from  them  all  was  mixed  for  one  composite  sample. 

The  daily  samples  of  feces  and  urine  were  analyzed  separatelj" 
in  all  experiments  except  for  the  urine  in  experiment  No.  1.  In 
this  instance  one  composite  sample  was  made  of  all  daily  samples. 

In  collecting  the  samples  of  feed,  refuse,  and  feces  about  200 
grams  of  the  fresh  material  were  taken  in  a  large  porcelain  dish  and 
placed  in  the  hot  New  Mexico  sun  where  it  soon  reached  an  air-dry 
condition.  "  The  dry  material  was  then  pulverized .  and  was  ready 
for  the  analyses,  which  were  made  according  to  the  methods  of  the 
Association  of  Official  Agricultural  Chemists. 

REPORT  OF  THE  EXPERIMENTS. 

Experiment  No.  1. — Digestibility  of  Prickly  Pear  (Opuntia  lijidheimeri). 

This  experiment  was  conducted  at  the  ranch  of  Mr.  Alexander  Sin- 
clair, near  San  Antonio,  Tex.  This  locaUty  was  selected  because  in 
that  section  the  prickly  pear  grows  much  more  luxuriantly  than  it 
does  in  the  vicinity  of  the  New  Mexico  Agricultural  College,  and  cat- 
tle there  are  more  accustomed  to  eating  the  plant  than  are  the  cattle 
of  New  Mexico;  in  fact,  the  steers  that  were  fed  at  the  college  had  to 
be  trained  to  eat  prickly  pear,  and  in  consequence  ate  not  more  than 
half  the  amount  eaten  by  the  Texas  steers.  Moreover,  during  part 
of  the  time,  at  least,  what  they  did  eat  was  little  relished,  except 
when  fed  in  connection  with  some  other  feed. 

In  this  experiment  two  3-year-old  range  steers,  weighing  about  800 
pounds  each,  were  used.  They  were  fed  for  a  preliminarj^  period  of 
ten  days  before  being  placed  in  the  stalls.  The  experiment  began  at 
noon  January  2,  1906,  and  continued  until  noon  of  Januarj^  6.     The 


Digitized  by  V3OOQ IC 


DIGESTIBILITY    OF    PRICKLY    PEAR    ALONE. 


19 


steers  were  placed  in  a  barn  with  plenty  of  light  and  air,  and  were 
well  protected  from  the  cold.  They  remained  in  good  condition  dur- 
ing the  entire  experiment,  except  that  they  scoured  quite  badly,  as 
animals  always  do  on  an  exclusive  prickly  pear  diet.  The  fact  that 
these  animals  scoured  is  not  suiprising  when  one  considers  that  in 
eating  100  pounds  of  prickly  pear,  the  average  daily  ration  during  the 
five  days,  they  consumed  2.95  pounds  of  inorganic  matter  or  ash, 
which  doubtless  means  more  than  twice  this  amount  of  salts  more  or 
less  purgative  in  their  character.  The  steers  also  obtained  86.4 
pounds  (or  over  10  gallons)  of  water  from  100  pounds  of  prickly  pear, 
and  this  would  doubtless  aid  the  salts  in  their  pui^ative  action.  The 
water  obtained  from  the  feed  was  more  than  was  drunk  by  the  steers 
in  experiment  No.  5  where  alfalfa  alone  was  fed  and  in  which  an 
average  of  only  48  pounds  a  day  was  drunk.  The  steers  in  experi- 
ment No.  1  took  no  water  during  the  experiment  except  that  obtained 
.from  the  feed. 

In  Table  3  is  given  the  composition  of  the  composite  sample  made 
up  of  daily  samples  of  the  pear  fed  and  refused  during  the  four  days 
the  animals  were  in  the  stalls.  There  are  also  given  analyses  of  daily 
samples  of  the  feces  from  both  steers.  From  these  figures  with  the 
weights  of  the  dry  matter  in  feed  and  feces  have  been  calculated  the* 
data  given  in  Table  4. 

Table  3. — Experiment  Xo.  1 — Composition  of  the  prickly  peur  fed.  uf  the  nfitsc,  and 

of  the  feces. 

[Nutrients  reported  water  frw.] 


Water. 

Per  cent. 

Prickly  pear,  as  fed 86.38 

Prickly  pear,  water  free 

Refuse  water  free- 
Steer  No.  1 

Steer  No.  2 

Feces  ateer  No.  1— 

First  day 85.76 

Second  day 85. 59 

Thirdday 88.63 

Fourth  day 86. 65 

Feces  steer  No.  2— 

Flrstday '       82.83 

Seeoudday 81.39 

Thirdday 88.89 

Fourth  day 87.62 

Ash. 


Per  cent. 
2.95 
21.69 

21.69 
21.69 

36. 91 
42.64 
42.79 
42.34 

45.93 
45.33 
36.74 
35.32 


Proteln.a 

Fat.a 

Per  cent. 

Per  cent. 

0,72 

0.19 

5.27 

1  42 

5.27 

1.42 

5.27 

1.4:*' 

6.28 

1.51 

6.^ 

1.30 

7.79 

1.57 

5.97 

1.27 

5.85 

1.24 

6.40 

1.31 

7.79 

1.36 

5.58 

1.18 

Crude 
fil>er. 


Per  cent. 

1.77 
13.00 

13.00 
13.00 

22.94 
21. 73 
19.38 
21.06 

21.46 
20.91 
19.82 
•Zi.  47 


Nitrogen. 

fn>e 
extract. 


Organic 
matter. 


r  cent. 

Per  cent. 

8.02 

10.70 

58.62 

78,31 

58.62 

78.31 

58.62 

78.31 

32.36 

63.09 

28.05 

57.36 

28,47 

57.21 

29.36 

57.66 

25.52 

54.07 

26.  a5 

54-67 

34.29 

63.28 

34.  45 

64.68 

oThe  words  "protein"  and  "fat"  are  used  here  and  elsewhere  in  this  bulletin  to  denote,  respec- 
tively, crude  protein  and  ether  extract. 
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Table  4. —  Weight  of  the  feed,  refuse,  and  feces  in  experiment  No.  1,  with  the  calculated 

digestion  coefficients. 


STEER  NO.  1. 


Total  prickly  pear  fed 

Total  prickly  pear  refused 

Total  prickly  pear  eaten . 

Feces: 

First  day 

Second  day 

Third  day 

Fourth  day 


Dry 
matter. 


Oramt. 
25,542.7 
441. 3 


A  ah.     .  Protein,  i     Fai. 


25,101.4       5,444.3       1,322.8 


I  I 

Oram$.      Gram*.  '  Oramt. 

5,540.0    i  l,346ul  I  362.7 

95.7    .        2a  3  '  6.3 


356.4 


1,913.3 
1,546.2 
2,063.7 
2,730. 1 


Total  feces  dropped 8,253. 3 

Digested 16,84S.l 

Coefficient   of  digestion    (per  ' 
cent) 67. 12 


706.2 

659.3 

88a  1 

1,155.9 


12a  2 
97.1 
160.8 
16a  0 


289 

2ai 

32.4 
34.7 


3,404.5 
2,039.8 


541.1 
781.7 


I 


116.1 
240.3 


37.46  I        59.03  I        67.42 


Crude    |^*^J2P"*  Organic 
fiber.      ^S^^,     matter. 


Oram*.      Oram*.      Oram*. 


I 

3,320.6    ;  14,97a  3 
57.4  258.6 


20,002.7 
345u6 


3,26a  2 


43&9 
336.0 

575.0 


14,714.7       19,657.1 


619.1 
43a7 
587.5 
801.5 


1,207.1 

886.9 

1,180.6 

1,574.2 


1,749.8       2,441.8    |    4,848.8 
l,5ia4     12,272.9    ,  14,808.3 


41.31 


8a  40 


71.21 


STEER  No.  2. 


Total  prickly  pear  fed 24,422. 6 

Total  prickly  pear  refused ]      8«9. 4 


5,297.3 
192.9 


1,287.1 
46.9 


346.8 
12.6 


3,174.9     14,316.5 
lia6  521.6 


Total  prickly  pear  eaten .  23,53a  2      5, 104. 4    |  1,240. 2 


Feces: 


First  day 1,697.6 

Second  day ■  2,390.5 

1,749.8 
2,489.5 

8,327.4 
15,205. 8 


Third  day 

Fourth  day 

Total  feces  dropped 

Digested 

Coefficient   of  digestion    (per 

cent ) 

Average  per  cent  digested  by 

two  steers 


779.7 

1,083.6 

642.9 

879. 3 


99.3 
15a  0 
136.3 
138.9 


,  I 


65.86  ' 


3,385.5 
1,718.9 

3a  67 

35.57 


527.5 
712.7 


57.47 


5S.25 


334.2 


21.1 
31.3 
2a  8 
29.4 


105.6 
228.6 


68.38 


67.90 


3,059.3     13,794.9 


364. 3 
499.9 
346.8 
584.3 


43a2 
.622.7 
600.0 
857.6 


19,125.3 
696.7 


18,428.6 


1,795.3 
1,264.0 

41.32 

41.32 


2,5ia5 
11,281.4 

81.78 

82.50 


917.9 
l,306u9 
1,106.9 
1,610.2 


4,191.9 
14,236.7 

77.03 

74.12 


Note.— 453.4  grams  equal  1  pound. 

The  figures  given  above  speak  fairly  well  for  the  digestibility  of 
the  prickly  pear.  The  coefficient  for  dry  matter  is  equal  to  an 
average  of  that  obtained  from  our  best  feeds 

This  experiment  shows  that  the  digestion  coefficient  for  the  ash 
of  prickly  pear  is  low,  but  this  was  to  be  expected  because  of  the 
large  amount  of  ash  always  present  in  these  plants.  Animals  assim- 
ilate more  ash  from  prickly  pear  with  the  low  digestion  coefficient 
of  this  nutrient  than  they  obtain  from  other  feeds.  For  example, 
the  ash  assimilated  from  100  pounds  of  prickly  pear  by  steer  No.  1 
of  this  experiment  amounts  to  1.11  pounds;  while  steer  No.  1  in 
experiment  No.  5,  where  alfalfa  alone  was  fed,  assimilated  only  0.63 
pound  from  15  pounds  of  alfalfa. 
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The  digestibility  of  the  other  nutrients  is  found  to  compare  very 
favorably  with  other  standard  feeds,  the  coefficient  for  nitrogen-free 
extract  being  unusually  high. 

BXPERIMENT   No.  2. — DIGESTIBILITY   OF   pRICKLY   PeAR  (OpUUtia  lieinS?). 

This  experiment  and  the  three  following  were  all  conducted  with 
the  same  two  steers.  They  were  grade  Herefords  that  had  been 
^ain  fed  and  were  ready  for  the  market  at  the  time  the  experunent 
was  begun.  This  fact  rendered  them  less  satisfactory  for  feeding 
on  prickly  pear  alone;  and  to  make  the  matter  worse  the  feeding 
was  done  in  the  spring,  when  many  of  the  joints  were  young  and 
least  palatable  to  animals.  In  view  of  this  fact  the  daily  ration, 
amounting  to  only  53.52  pounds  for  steer  No.  1,  and  72.18  poimds 
for  steer  No.  2,  was  considerably  short  of  enough  for  maintenance. 
The  animals  lost  flesh  rapidly  on  this  ration,  but  imfortunately  we 
can  not  say  just  how  much,  since  they  were  not  weighed  after  the 
experiment.  However,  by  reference  to  Table  17,  it  may  be  seen 
that  the  excreted  nitrogen  during  the  five  days  was  in  excess  of  the 
nitrogen  of  the  feed  by  46.9  grams  for  steer  No.  1  and  63.2  grams 
for  steer  No.  2,  making  a  dfiily  loss  of  58.6  grams  of  proteids  for 
steer  No.  1  and  of  79  grams  for  steer  No.  2. 

By  referring  to  Table  5  it  will  be  seen  that  both  steers  received 
much  less  than  a  maintenance  ration.  Steer  No.  1  ate  only  6.64 
pounds  of  dry  matter,  when  for  maintenance  he  should  have  had 
15.1  povmds.  Steer  No.  2  ate  9.36  pounds  out  of  16.7  pounds  required, 
and  the  nutritive  ratio  of  the  dry  matter  was  1  to  33  for  both  steers. 
The  results  of  this  experiment  agree  fairly  well  with  those  obtained 
at  San  Antonio  in  experiment  No.  1,  the  greatest  difference  being 
in  the  amount  of  protein  and  fiber  digested.  The  increased  amount 
of  fiiber  digested  in  this  experiment  might  be  explained  by  the  fact 
that  the  plants  were  mostly  young  and  succulent  joints  in  which  the 
fiber  had  not  developed  to  such  an  extent  from  the  more  digestible 
hydrated  cellulose.  Steer  No.  1  obtained  46.3  pounds  of  water  from 
the  prickly  pear  eaten.  He  drank  in  addition  an  average  of  7.6 
pounds  daily.  Steer  No.  2  obtained  62.4  pounds  of  water  from  his 
feed  and  drank  in  addition  5.4  pounds. 

Table  5. — Experiment  No.  -^ — Composition  of  the  prickly  pear  fed,  of  the  rejuse,  and  of 

the  feces. 

[Nutrients  reported  water  free.] 


Water.        Ash.        Protein.        Fat.         ^^^i\  free        ^^-,,^^^ 


Crude     ^'^^^J^""  Organic 
extract. 


Per  ceiU.   Per  cent.   Per  cent.  Per  cent.   Per  cent.   Per  cent.  Per  cent. 

Pnckiy  pear  fed Se.isl         2.85            0.57  0.23            2.25            7.65  10.70 

Prickly  pear,  water  freo '        21.05  j          4.22  1.71          16.61          56.41  78.95 

Refuse,  water  free— Steer  No.  1. 1               |                 !  |                 i 

Steer  No.  2  ] ^^'^           ^^*  ^'^          ^^- ^*          ^*-^^  '^- ^^ 
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Table  5. — Experiment  JVb.  2-rComposition  of  the  prickly  pear  fed,  of  the  refuse,  and  of 

the  feces — Continued. 


Water. 


Feces  ol  steer  No.  1 :  Per  cent. 

FIrstday 76.72  ; 

Second  day ;  75. 40  j 

Thirdday |  73.36  ' 

Fourthday i  74.55 

Fifthday \  72.04  I 

Feces  of  steer  No.  2:  i 

Firstday 1  82.50  j 

Second  day '  81.04, 

Thirdday ]  80.01  ' 

Fourthday 84.46' 

Fifth  day '  76.69  I 


Ash. 

Protein.  ; 

1 

Fat. 

Crude 
fiber. 

Nitrogen- 
free 
extract. 

Organic 
matter. 

PcT  cent. 

Per  cent. 

Per  cent. 

Percent. 

Percent. 

Percent, 

38.85 

6.08  1 

1.33 

18.94 

33.90 

Gl.  15 

44. « 

6.87  1 

1.28 

19.22 

28.14 

55.51 

.m62 

7.42, 

1.51 

21.64 

30.81 

61.38 

31.74 

&49! 

1.77 

20.07 

37.93 

68.26 

31.42 

«.81 

1.95 

24.52 

35.30 

68.58 

37.07 

■      7.2s; 

1.49 

21.38 

32.78 

62.93 

41.75 

5.78  1 

1.16 

21.07 

30.24 

58.25 

40.01 

6.91  , 

1.40 

19.82 

32.86 

59.99 

31.32 

5.91  1 

1.54 

19.56 

41.67 

68.68 

36.86 

6.91 

1.98 

24.57 

29.68 

63.14 

Table  6. — Weight  of  the  feed ^  refuse,  and  feces  in  experiment  Xo.  i,  with  the  calculated 

digestion  coefficient. 


STEER  NO.  1. 


I     Dry 
'  matter. 


Grams. 

TotAl  prickly  pear  fed 18, 749. 3 

3,604.5 


Total  prickly  pear  refused 

Total  prickly  pear  eat«n 

Feces: 

Firstday , 

Second  day 

Third  day 

Fourth  day 

Fifth  day 

*  Total  feces  dropped 

Total  digested 

Coofflcient    of   digestion    (per 
cent) 


I     Ash. 

I  Orams. 
;  3,946.7 

I      806.1 


Protein. 


Orams. 
791.2 
171.4 


15.054.8       3,140.6 


619. 8 


Fat. 


Crude 
fiber.' 


^'^^''I  O^'^fe 


free 
extract. 


matter. 


Grams.  |  Grams.  Grams. 
320.6  I  3,114.3  ,10,576.5 
53.9    I      633.2    I  2,029.9 


26<i.7 


912.6 

1,287.8 

600.0 

917,5 

1,382.1 


354.5 
572.9 
266.5 
291.2 
434.3 


63.7 
88.5 
51.2 
77.9 
94.1 


12.0 
16.5 
10.4 
16.2 
27.0 


5.190.0    I  1.919.4    ,      375.4    |        82.2 


9,684.8       1,221.2 


184.5 
(JO.  18 


2,481.1 


172.8 
247.5 
149.3 
184.1 
339.0 


8,546.6 


309.5 
362.4 
212.6 
348.1 
487.7 


Grams. 
14,802.6 
2,888.4 


11.914.2 


558.1 
714.9 
423.5 
62a3 
947.8 


1,092.7       1,720.3         3,270.6 


1,388.4       6,826.3         8,643.6 
55.96  79.87  72.65 


STEER  NO.  2. 


Total  prickly  pear  fed 23, 753. 8 

Total  prickly  pear  refused I  2. 530. 0 


Total  prickly  pear  eaten.  21,223.  H 


Feces: 

First  day. 


1,564.5 

Second  day |  1,784.1 

Third  day 

Fourthday 

Fifth  day 

Total  feces  dropped. 


1,228.0 
1,434.3 
1,981.4 


7,982.3 


I- 


Total  prickly  pear  digested . . . . !  13, 241 .  .'i 
Coeflicient   of  digestion    (per 

6ent) '        62.40 

Average  coe  illcien  t  of  d  iges  t  ion .  I        (i3 .  06 


5,000.2 
552.0 


1,002.4 
117.4 


4. 448. 2 


885.0 


406.2 


3,946.5    ,13.399.5 
433.6       1,390.0 


18,753.6 
1,978.0 


3fJ9.3     I  3,511.9     12,009.5    i  16,675.6 


I 


576.3  I 

744.9  I 

491.3  ^ 
449.2 

730.3  ' 


113.2 
103.1 
72.6 
84.8 
136.9 


2,992.0    I      510.6 


23.2    I 

20.7 

17.2 

22.1 

39.2 


332.3 
375.9 
243.4 
280.5 
486.8 


509.5 
539.5 
403.5 
597.7 

588.2 


978.2 

1,030.2 

736.7 

985.1 

1.251.1 


122.4       1,718.9    '  2,()38.4    |     4,990.3 


1,456.2     : 
32.74, 

:«.8i  ' 


374.4 


42.31  I 
40.87 


68.86 
69.02 


1,792.0    ,  9,371.1     I  11,785.3 
'  I 

51.02  78.03  i  70.12 

53.99  1        78.05  |  71.39 
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Experiment  No.  3. — Digestibility  of  Prickly  Tear  {Opuntia  engelmannii  cycloides) 

AND  Alfalfa. 

Since  prickly  pear  will  not  furnish  a  balanced  ration  when  fed 
alone,  but  requires  some  feed  of  a  relatively  high  protein,  content 
as- a  supplement,  the  effect  of  alfalfa  on  the  digestibility  of  the  prickly 
pear  has  here  been  tried.  Steer  No.  1  was  given  an  average  of  4.5 
pounds  of  alfalfa  daily,  while  4.72  pounds  was  given  to  steer  No.  2. 
In  addition  they  were  given  all  the  prickly  pear  they  would  eat, 
which  was  42.16  pounds  for  steer  No.  1,  and  57.18  pounds  for  steer 
No.  2.  The  prickly  pear  used  was  Opuntia  engelmannii  cydoideSj 
which  is  a  larger  stemmed  plant  than  most  of  the  native  prickly 
pears,  and  the  animals  seemed  to  relish  it  better  than  they  did 
O,  Isevisff  the  variety  used  in  the  preceding  experiment. 

The  results  obtained  in  feeding  this  ration  to  steer  No.  1  were 
for  some  unaccountable  reason  very  unsatisfactory.  The  dry  mat- 
ter digested  amounted  to  only  56.81  per  cent  and  the  ash  to  16.87 
per' cent,  while  the  protein  coefficient  was  minus  16.54  per  cent. 
This  negative  value  for  protein  means  that  the  protein  of  the  feces 
amounted  to  more  than  that  of  the  feed,  which,  of  course,  is  an 
error.  Whether  this  was  due  to  blood  or  cleavage  products  in  the 
feces,  we  can  not  say.  The  percentage  of  nitrogen  in  the  feces 
was  unusually  'high,  but  duplicate  analyses  of  these  were  made  that 
checked  within  reasonable  limits  of  working  error.  Only  29.92 
per  cent  of  the  fiber  was  digested  by  this  animal,  but  the  amounts  of 
fat,  nitrogen-free  extract,  and  organic  matter  seemed  to  compare 
favorably  with  the  coefficients  of  these  nutrients  from  the  feed  of 
steer  No.  2.  Assuming  the  digestibility  of  prickly  pear  fed  in  this 
experiment  to  be  an  average  of  the  coefficients  for  the  two  varieties 
determined  in  experiments  Nos.  1  and  2,  we  have  by  tlie  use  of  this 
factor  calculated  the  digestion  coefficient  of  the  alfalfa  that  consti- 
tuted the  other  portion  of  the  ration.  The  coefficients  obtained 
for  alfalfa  w4th  steer  No.  1  are  quite  as  unsatisfactory^  as  were  those 
obtained  from  this  steer  for  prickly  pear.  They  were  all  far  below 
the  normal  digestion  coefficients  for  this  feeding  stuff,  the  results 
for  ash  being  minus  38.9  per  cent.  While  the  results  obtained  from 
steer  No.  1  with  this  ration  are  all  recorded  in  the  following  tables, 
it  is  very  evident  that  the  coefficients  found  can  not  be  used  in  the 
calculation  of  rations  of  either  prickly  pear  or  alfalfa.  We  have 
therefore  omitted  them  from  all  averages. 

With  steer  No.  2  the  results  show  an  increase  in  the  digestibility 
of  the  nutrients  of  both  feeds,  and  this  is  just  what  might  be  expected 
with  this  ration. 

For  a  comparison  of  the  digestion  coefficients  of  prickly  pear  and 
alfalfa  obtained  in  the  following  table  witli  those  of  prickly  pear 
obtained  in  the  other  experiments  and  of  alfalfa  obtained  both  here 
and  at  the  other  experiment  stations,  see  Table  14. 
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Table  7. — Experiment  No.  S — Composition  of  ike  prickly  pear  and  alfalfa  fed ^  of  the 

refuse,  and  of  the  feces. 

[Nutrients  reported  water  free.] 


Water. 


Ash. 


Protein.  '     Fat. 


Crude 
fiber. 


tract.       '"*"«*^- 


j  Per  cent.  ^  Per  cent.  Per  cent. 

Prickly  pear  jvater  free None.  1  18. 75  '  2. 98 

Alfalfa  water  free i  None.  10.09'  14.09 

Refuse  of  prickly  pear,  steers  i  I 

No8.1and2. ' I  18.75!  2.98 

Refuse  of  alfalfa,  steers  Nos.  1  {  | 

and  2. None.  None.  !  None. 

Feces  of  steer  No.  1: 

Flrstday t  73.56  !  35.62,  7.60 

Second  day I  82.79  27.87  9.80 

Thirdday 80.89,  29.46  |  9.42 

Fourthday '  80.10  '  26.85  9.01 

Fifthday '  79.02  1  25.80.  9.10 

Feces  of  steer  No.  2:                    I  i  ' 

Flrstday |  82.00  '29.65  |  7.40 

Secondday '  83.67  27.40  j  8.20 

Thirdday '  80.88  28.71  8.24 

Fourthday 83.13  23.84'  7.13 

Fifthday 83.46  28.10  7.09 


1.48 


t 


j      None.        None. 


2.02 
1.93 

2.18 
1.87 
1.50 

1.91 
1.80 
1.82 
1.76 
1.64 


25.79 
32.68 
20.62 
28.00 
29.65 

36.80 
27.71 
26.00 
29.18 
31.83 


Percent.  Percent. 
1.48  12.22 

2.07  32.28 


12.22 


Per  cent. 
64.57 
41.47 

64.57 

None. 


28.97 
27.72 
38.32 
34.27 
33.95 

24.04 
34.89 
35.23 
38.09 
31.34 


Per  cent. 
81.25 
89.91 

81.25 

None. 

64.38 
72.13 
70.54 
73.15 
74.20 

70.35 
72.60 
71.29 
76.16 
71.90 


Table  8. — Weight  of  the  feed,  refuse,  and  feces  in  experiment  No.  S.  with  calculated 

digestion  coefficients  of  both  feeds  used  and  of  each  separately. 

STEER  NO.  1. 


Dry 
I  inatK'r. 


Ash. 


Protoin. '      Fat. 


^^    -      '    J^t     1  "^f*^'"'- 


fit)or.     I 


Qrams.  ,   Grams.      Qrams.  ,   Grams. 

Total  prickly  pear  fed 33,994.7      6,374.0    |  1,012.0  50=1.1 

Total  prickly  pear  n>f used 1 4. 2:?6. 6    i  2. 660. 4    I      424. 3  210. 7 


Grams. 
4. 154. 1 

1,739.7 


Gram*. 
21,050.4 
'  9,192.6 


Oramf. 
27,620.7 
11,567.2 


Total  prickly  pear  eaten.  19. 75s. : 


Total  alfalfa  fod i  9,685. 6 


3. 704. 6     I       587.  7 
".3      77S)4.7 


Kri.  4       2.414.4     12.757.8       15.053.5 


Totiil  alfalfa  refused. 


None.        None. 


Total  alfalfa  eaten. 


9,685.0 


977.3 


r 


None.  ' 


200.5 
None. 


l..%4.7 


200.5 


Fives: 

First  day 2. 164. 9 

Second  day 2,592.2 

Third  day 2, 062. 0 

Fourthday 2.980.0 

Fifthday 3.008.5 


77L1 
722.4 
607.5 
800.1 
776.2 


164.5 
254.0 
194. 2 
268.5 
273.8 


43.  7 
50.0 
45,0 
55.7 
45.1 


3.126.5 
None. 


4,016.6 
None. 


8, 708.  :\ 
None. 


3.126.5       4.016.6    1     8,708.3 


558.3 
847.1 
425.2 
8:^4.4 
892. 0 


627.3 
718.7 
I  790.1 
I  1,021.2 
,  1.021.4 


1,393.8 
1,869.8 
1,454.5 
2,179.9 
2, 232. 3 


Total  feces  dropped 12, 807. 6 

3, 677. 3 

1,155.0 

239.5 

3.5.57.0 

4,178.8 

9,130.3 

Coeflicicnt     of     digestion     of 

1 

prickly  pear  and  alfalfa  (per 

1 

cent) 56.84 

21.46 

40.84 

5L41 

.35.80 

75.09 

61-57 

Total  alfalfa  undigested 4, 273. 3 

597. 6 

470.1 

16.3.  4 

1,865.0 

1,211.4 

3,675.8 

Total  feces  from  prickly  pear. .,  8, 534. 3 

3,079.7 

604.9 

76.1 

1.602.0 

2,967.4 

5,464.5 

Total  prickly  pear  digested ....  11, 22:?.  8 

-624. 9 

-07. 2 

216.3 

722.4 

9,790.4 

9,599.0 

CoefBcient     of     digestion     of 

prickly  pear  (p<»r  cent) 56. 81 

-16.87 

-16.54 

73.97 

29.92 

76.74 

63.09 

Coefficient  of  digestion  of  al- 

falfa (per  cent)  a .39.  :i5 

38.00 

29.70 

26.54 

26.65 

57.04' 

42.24 

a  Calculated  on  the  assumption  that  the  coefficient  of  digestion  of  the  prickly  pear  used  In  this  experi- 
ment was  an  average  of  the  two  varieties  fed  in  experiments  Nos.  1  and  2. 
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Table  8. —  Weight  of  the  feed,  refuse,  and  feces  in  experiment  Xo.  S,  with  calculated 
digestion  coefficients  of  both  feeds  used  and  of  each  separately — Continued. 

STEER  NO.  2. 


Total  prickly  pear  ffd 39,146.1 

Total  prickly  pear  rpftMed 12, 033. .') 

Total  prtckly  pear  eaten .  27, 112. 8 

Total  alfalfa  fed io,l57.3       1,024.9 

Total  alfalfa  lefiued None'      None. 


Feces: 

First  day 
Second  day 
Third  day 
Fourth  day 
Fifth  day 

Total  feces  dropped 

CooflScient     of    digestion     of 

prickly  pear  and  alfalfa  (per 

cent) 

Total  alfalfa  undigested 

Total  feces  from  prickly  pear. . 

Total  prickly  pear  digested 

Coefficient    of    digestion    of 

prickly  pear  (per  cent) 

Coefficient  of  digestion  of  al- 
falfa (per  cent) 


Experiment  No.  4. — Dioestibilityop  Prickly  Teak  (Opunliaengclmanniicycloides) 

AND  Cotton-seed  Meal. 

In  the  prickly-pear  region  of  Texas  a  ration  consisting  of  this  feed- 
ing stuff  with  cotton-seed  meal  is  very  common.  It  is  customary  and 
better  to  give  the  cattle  either  the  run  of  a  dry  grass  pasture  or  some 
coarse  feed  in  connection  with  this  ration,  as  it  will  serve  the  double 
purpose  of  widening  the  too  narrow  ration  produced  from  too  much 
cotton-seed  meal  and  tend  to  check  the  scouring  which  results  from 
the  use  of  these  two  feeds  alone.  Bulletin  74  of  the  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture,  gives  a  num- 
ber of  rations  as  used  by  Texas  stockmen  and  dairymen  made  up  of 
prickly  pear  and  cotton-seed  meal  in  varying  amounts  that  were 
usually  fed  together  with  other  feeds.  However,  in  the  ration  used 
in  this  digestion  experiment  prickly  pear  and  cotton-seed  meal  alone 
were  used,  because  it  was  desired  not  only  to  determine  the  coefficient 
of  digestion  of  the  ration  of  the  two  when  fed  together  but  also  to 
use  the  weights  obtained  for  a  calculation  of  the  coefficient  of  diges- 
tion of  cotton-seed  meal,  and  these  would  have  been  complicated  by 
the  addition  of  other  feeds  to  the  ration. 
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Steer  No.  1  ate  an  average  of  4.78  pounds  of  cotton-seed  meal  and 
37.28  pounds  of  prickly  pear  daily.  This  made  only  14.14  pounds  of 
dry  matter,  which  was  about  1  pound  short  of  a  maintenance  ration 
of  dry  matter;  but  the  proteids  were  in  excess  of  the  amoimt  required 
for  maintenance  by  more  than  a  pound,  and  while  the  carbohydrates 
were  a  trifle  short  the  excess  of  both  proteids  and  fat  made  the  total 
nutrients  more  than  the  amount  required  for  maintenance.  The 
nutritive  ratio  of  the  feed  for  this  steer  was  1  to  4.49,  and  he  gained 
1,551.9  grams  of  proteids  in  the  five  days. 

Steer  No.  2  ate  a  daily  average  of  4.99  pounds  of  cotton-seed  meal 
and  47.04  pounds  of  prickly  pear.  This  gave  him  17.35  pounds,  or 
nearly  1  pound'  more  than  a  maintenance  ration,  of  dry  matter 
which  contained  a  slight  excess  of  all  the  nutrients.  The  nutritive 
ratio  of  his  feed  was  1  to  5.52.  He  gained  for  the  five  days  1,262.5 
grams  of  protein. 

The  digestion  coefficient  for  the  two  steers  agreed  very  closely, 
but  while  the  coefficient  for  the  protein  of  cotton-seed  meal  and  of 
cotton-seed  meal  with  prickly  pear  was  about  what  might  be  expected, 
the  coefficient  for  the  protein  in  the  prickly  pear  was  a  minus  quan- 
tity to  about  the  same  degree  for  both  steers.  This  error  might  be 
attributed  to  several  causes.  It  may  have  been  because  the  composite 
sample  of  pear  used  for  analysis  did  not  contain  sufficient  proteids 
to  be  representative  of  the  prickly  pear  fed.  It  had  only  2.59  per 
cent  of  protein,  while  an  average  of  the  five  samples  of  this  species 
recorded  in  Bulletin  60  of  the  New  Mexico  Experiment  Station  had 
3.99  per  cent,  and  an  average  of  all  prickly  pears  contained  4.47 
per  cent  protein  in  the  air-dry  material.  It  is  barely  possible  also 
that  some  error  may  have  been  introduced  here  by  hairs  from  the 
shedding  animal  getting  into  the  feces.  It  is  also  possible  that  it 
resulted  from  a  larger  amount  of  metabolic  products  formed  from  a 
feed  like  cotton-seed  meal  with  its  high  protein  content.  Steer 
No.  1,  for  example,  got  hardly  1  pound  of  protein  from  the  prickly 
pear  during  the  five  days,  but  obtained  nearly  10.5  pounds  from 
the  cotton-seed  meal;  and  the  large  amount  of  protein  from  the 
latter  source  may  have  increased  the  metabolic  nitrogen  in  the  feces 
and  thus  made  it  appear  that  the  feces  from  the  prickly  pear  con- 
tained more  protein  than  did  the  feed,  when  in  reality  it  may  have 
been  due  in  part  at  least  to  cleavage  products  resulting  from  the 
protein  of  the  cotton-seed  meal  fed. 

As  a  further  attempt  to  explain  these  negative  results  Professor 
Spillman  has  suggested  the  very  probable  theory  that  it  resulted 
from  the  reduced  digestibility  of  the  protein  of  the  cotton-seed  meal, 
due  to  the  laxative  action  of  the  prickly  pear  forcing  the  other  feed 
from  the  digestive  tract  before  its  protein,  which  digests  slowly, 
had  been  thoroughly  acted  upon,  but  not  before  the  easily  digested 
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carbohydrates  had  been  more  completely  assimilated.  Since  cotton- 
seed meal  is  a  substance  rich  in  protein  and  the  prickly  pear  is  very 
poor  in  this  ingredient,  a  very  slight  reduction  of  the  digestion  coef- 
ficient of  the  former  would  and  did  result  in  an  apparent  negative 
result  for  the  latter. 

The  average  of  three  digestion  coefficients  for  cotton-seed  meal 
as  given  in  Bulletin  77  of  the  Office  of  Experiment  Stations,  United 
States  Department  of  Agriculture,  was  used  in  calculating  these 
coefficients.  Since  the  cotton-seed  meal  used  in  this  experiment  was 
adulterated  with  hulls,  as  may  be  seen  from  the  crude-fiber  analysis, 
it  may  be  that  the  figures  from  the  above  bulletin  did  not  represent 
the  coefficients  for  the  meal  used  in  the  experiment.  If,  however, 
we  assume  the  digestibility  of  prickly  pear  fed  to  be  the  same  as  that 
obtained  in  previous  experiments,  and  calculate  the  coefficients  of 
digestion  for  the  nutrients  of  cotton-seed  meal  accordingly,  we  find 
them  somewhat  similar  to  those  given  in  Bulletin  77.  It  is  inter- 
esting to  note  that  both  of  our  calculations  show  over  100  per  cent 
of  the  fat  digested,  which  agrees  with  some  of  the  results  recorded 
in  the  above  bulletin,  and  substantiates  also  the  statement  made 
by  Jordan  in  his  work  on  *'The  Feeding  of  Animals''  that  *^pure 
vegetable  fats  and  oils  are  quite  completely  emulsified  and  absorbed'' 
bv  animals. 


Table  No.  9.— Experiment  No.  4 — Composition  of  the  prickly  pear  and  cottov^seed 
Tneal  fed,  of  the  refuse,  and  of  the  feces. 

[Nutrients  reported  water  free.] 


Prickly  pear,  water  free 

Cotton-seed  meal 

Refuse  of  prickly  pear,  steer 

No.l 

Refuse  of  prickly  pear,  steer 

No.  2 

Refuse   of  cotton-seed    meal, 

steers  Nos.  1  and  2 

Feces  of  steer  No.  1: 

First  day 

Second  day 

Third  day 

Fourth  day 

Fifth  day 

Feces  of  steer  No.  2: 

First  day 

Second  day 

Third  day 

Fourth  day 

Fifth  day 


Water. 


Per  cent. 
72.fl7 
5.09 


77.53 
82.51 
82.08 
82.63 
79.58 

81.68 
81.94 
84.13 
82.75 
85.15 


Ash. 

Per  cent. 
21.74 
6.68 

21.88 

24.87 

&68 

30.45 
30.85 
31.76 
34.82 
35.09 

26.21 
30.60 
31.78 
36ulO 
34.70 


Protein. 

Fat. 

Crude 
fiber. 

Nitrogen- 
free  ex- 
tract. 

Organk! 
matter. 

Per  cent. 

Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

2.50 

•2.03 

11.44 

62.20 

78.26 

44.25 

iao2 

11.02 

28.03 

93.32 

2.85 

1.25 

12.26 

61.75 

7&U 

2.85 

1.51 

11.38 

69.30 

75.13 

44.25 

10.02 

11.02 

28.03 

93.32 

13.09 

1.28 

19.13 

36.05 

09.55 

12.85 

1.55 

18.00 

3a  75 

69.15 

12,92 

1.18 

18.12 

36.02 

68.24 

12.14 

1.13 

2a  14 

31.77 

65.18 

11.38 

1.03 

19.83 

32.67 

64.91 

14.76 

1.71 

21.62 

35.70 

73,79 

13.38 

1.29 

19.93 

34.71 

60.31 

14.22 

.97 

16.93 

36.10 

68.22 

9.95 

1.05 

22.04 

30.86 

63.90 

9.86 

1.06 

19.45 

34.93 

65.30 
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Table  No.  10. —  Wright  ofth^frcd,  rffusr,  and f errs  in  experiment  Ao.  4,  trith  calculated 
digestion  coefficients  of  both  fiids  used  and  of  each  separately. 

STEER  NO.  1. 


Dry 
matter. 


Orams. 


Aah.       Protein. 


Fat. 


6,461.6 
1,743.4 


Totol  prickly  pear  fed 29, 722. 2 

Total  prickly  pear  refused 7,  «>4. 5 

Total  prickly  pear  eaten .  !21 .  757. 7    '  4. 718. 2 

71K.  e" 
31.4 


Orams.  I  Orams. 
709.8  G03.4 

227.0    !        99.6 


Crude    i^^l!^"" 


tract. 


Orams.  ,  Orams. 

3,40a2     18,487.2 

976.4     '  4.918.1 


Total  cotton-need  meal  fed 10,758. 0 

Total  cotton-fleed  meal  refused .       409. 8 


Total  cotton-seed  meal 


eaten 10.288.2 


M2.  H 

,  4,7«).4 
'      207.9 


687.2     ■  4,552.5 


Fm.H   '  2,423.8    i.-^.sfig.  1 


,078.0    I  1,185.5       3,015.5 
47.1     '        51.8    '      131.6 


],03a9    I  1,133.33     2.883.9 


Feces— First  day 2,033.5  .  619.2 

Second  day 2,4.36.8  '  751.8 

Thirdday |  1,863.7  591.9 

Fourth  day 1,544.2  1  537.7 

FIfthday 12.550.5  '  895.0 


2UG.2 
313.1 
240.8 
187.5 
290.2 


26.0 
37.8 
22.0 
17.4 
26.3 


389.0 
438.6 
337.7 
311.0 
50x8 


733.1 
895.5 
671.3 
49a6 
833.2 


ToUl  fece.s  dropped 1 10. 428. 7 

Coefficient  of  digestion  of  prick- ' 
ly  pear  and  cotton-seed  meal  i 

(per  cent) 07. 46 

Total  cotton-seed  meal  undi- 
gested      2, 705. 8 

Total  feces  from  prickly  pear  n.  7,722.9 
Totel  prickly  pear  digested ....  14,034. 8 
Coefficient  of  digestion  of  prick-  ^ 

ly  pear  (per  cent) 64. 50 

(Coefficient  of  digestion  of  cot- 
ton-seed meal  (per  cent)*  ...        72. 84 


3,395.6 

39.03 

524.3 
2,871.3 
1.84&9 

39.01 

47.42 


1,297.8 


74.53 


129.5 


91.56 


-t- 


1,982.1       3,623.7 


44.28 


77.97 


528.1 
760.7 
-22a90  '      44^4 


69.1  504.3       1,13&3 

60.4       1,477.8    '2,487.4 

94a  8     11,081.7 


-41.8    '        88.08 
77. 51         102  7 


39.03 
37.04 


I 


Oiganic 
matter. 


Orams. 
23,2ea6 
6,221.1 


17,039.5 


10,039.4 
438.4 


9.601.0 


1,414.3 
1,685.0 
1,271.8 
1,006.5 
1,655.5 


81.67 


64.83  ' 


7,033.1 


73.60 

2,294.6 
4,738.5 
12,301.0 

72.19 

75.09 


STEER  NO.  2. 


Total  prickly  pear  fed X,,  87a  3 

Total  prickly  pear  refused 7, 279. 1 


ToUl  prickly  pear.eaten.  2S..'i99.2 


.  10, 758. 0 

I 


Total  cotton-seed  meal  fed  . 

Total  cotton-seed  meal  refused . '       20. 9 

Total  cotton-seed   meal 
eaten 10, 737. 1 

Feces— First  day 1, 296. 1 

Second  day i  2, 975.  4 

Thirdday ;  2,487.6 

Fourth  day j  3,073. 1 

Fifth  day 2. 600. 1^ 


7,799.9 
1,810.3 


5,9S«.fi 

718.6 
1.4 


929.2 
207.5 


728.3       4,104.5 
109. 9  828.  4 


721.7 

4,760.4 
9.2 


618.4     !  3,276.1 

1,078.0    I  1,185.5 
2.1  2.3 


717.2    I  4,751.2    ,  1,075.9    I  1,183.2 


339.7 

913.2 

790.6 

1, 109. 4 

033.  5 

191.3 
39a  1 
35.3. 7 
305.8 
265  2 


22.2 
3a4 
24.1 
32.3 

2a  5 


280.2 
593.0 
421.2 
077.3 
533.2 


Total  feces  dropped 12, 522. 3 

Coefficient  of  digestion  of  prick- , 
ly  pear  and  cotton-seed  meal  ' 
(percent) I       6&  17 


,514.1 


39.05  ,        72.33 


145.5 


91.41 


2,494.9 


44.05 


22, 316. 4 
4,323.0 


17,993.4 


3,015.6 
5.9 


3,009.7 


462.7 
l,a32.7 
89a  0 
94&3 
939.7 


4,281.4 


77.97 


28,07&4 
5, 46a  8 


22,609.6 


10,039.5 
19.5 


10,020.0 


956.4 
2,062.2 
1.097.0 
1,963.7 
1,756.6 


8,435.9 


74.15 


a  Calculated  on  the  assumption  that  the  digestibility  of  this  variety  of  cactus  was  the  average  of 
the  two  fed  In  experiments  No.s.  1  and  2. 

6  Coefficient  of  digestion  for  cotton-seed  meal  used  in  these  calculations  was  taken  from  Bulletin  77, 
Office  of  Experiment  Stations.  United  States  Department  of  Agriculture. 
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Table  No.  10. — Weight  of  the  feed,  refuse,  and  feces  in  experiment  No.  4,  nith  calculated 
digestion  coefficients  of  both  feeds  used  and  of  each  separately — Continued. 


STEKH  NO.  2 -Continued. 


Average  coefficient  of  digest  ion 
of  prickly  pear  and  cotton- 
seed meal 

Total  cotton-seed  meal  undi- 
gested  

Total  feces  from  prickly  peari. 

Total  prickly  pear  digested 

Coefficient  of  digestion  of  prick- 
ly pear  (per  cent) 

Average  coefficient  of  digestion 
of  prickly  pear  (per  cent) 

Coefficient  of  digestion  of  cot- 
ton-seed meal  (per  cent)^  . . . 


Dry 
matter. 


Grams. 

ti7.H2 

2, 82*.  9 
9,e»8.4 
18,900.  K 

(i6.08 ; 

65.29  I 
76.88  ' 


A  Mil. 
Qrams. 

:«.04 

547.2 
3,5:».2 
2,449.4 

40.90 

39.  96 

67. 22 


Protein.       Fat. 


Crude 
fiber. 


Nitrogen- 
free  ex- 
tract. 


Organic 
matter. 


Qrams.      Orams.  ,   Grams.      Qrams.  I   Qrams. 


73.43 

551.1 

96.3.0 

-241.3 


91. 49 


44. 17 


77.97 


73.88 


72.1  ;  526.5  1.185.8  2,394.8 
73.4  I  1,968.4  3,095.6  0,041.1 
545.0    i  1,307.7     14,897.8       16,56&5 


34.  82 

88.  13 

39.92 

38.31 

88.11 

;R».  48 

69.  89 

104.6 

34.06 

82.^9 

73.28 

82.23 

72.74 

72. 71 

77.28 

a  Calculated  on  the  assumption  that  thu  digestibility  of  this  variety  of  cactus  was  the  average  of 
the  two  fed  in  experiments  Nos.  1  and  2. 

b Coefficient  of  digestion  for  eotton-soed  meal  use<l  in  these  calculations  was  taken  from  Bulletin  77, 
Office  of  Experiment  Stations,  United  States  Department  of  Agriculture. 

Experiment  No.  5. — Digestibility  of  a  Pair  Quality  of  Second-Cut  Alfalfa. 

This  experiment  was  made  to  determine  the  digestion  coefficients 
of  the  alfalfa  that  was  used  in  experiment  No.  3.  The  results  are 
given  in  Table  12,  from  which  it  will  be  seen  that  the  coefficients 
obtained  in  this  experiment  are  about  the  same  as  those  determined 
by  other  experiment  stations.  For  some  of  the  nutrients  the  coeffi- 
cient is  somewhat  less  than  was  obtained  elsewhere.  This  may  be 
accounted  for  by  the  fact  that  the  hay  used  had  lost  a  considerable 
proportion  of  its  leaves  in  curing,  and  the  Colorado  Experiment  Sta- 
tion has  shown  that  these  are  the  most  digestible  portions  of  the 
plant. 

The  dry  matter  eaten  per  day  was  somewhat  less  than  a  mainte- 
nance ration.  The  proteids  were  far  in  excess  of  the  amount  required, 
yet  steer  No.  2  lost,  and  steer  No.  1  gained  only  a  small  amount  of 
this  nutrient,  which  shows  that  the  excess  of  proteids  was  evidently 
used  to  serve  the  function  of  carbohydrates. 

Table  11. — Experiment  No.  5 — Composition  of  the  alfalfa  fed,  of  tfic  refuse,  and  of  the 

feces. 


AUalfaasfed 

Alfalfa,  water  free 

Refuse,  water  free,  steer  No. 
Refuse,  water  free,  steer  No.  2 . 


[Nutrients  reported  water  free.] 
Water. 


Per  cent. 

5.09 


I 


Ash.     ,  Protein.  '     Fat. 


T 


Per  cent. 

9.  .',8 

'      10.  on 

t        10.09 
I        10.09  , 


Per  cent.  Per  cent. 

13.37  1.96 

14.09  2.07 

14.00  2.07 


Per  cent. 
30.64 
32.28 
:J2.28 


Organic 
matter. 


Per  cent.  Per  cent. 


39. 36 
41.47 
41.47 


14.09  , 


2.07  , 


32.28  1        41.47 


85.33 
89.91 
89.91 
89.91 
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Table  II.— Erperiment  No.  5 — Compositian  of  the  alfalfa  fed,  of  the  refuse,  and  of  the 

feces — Continued . 


FeoesofsteerNo.  1: 

First  day 

Second  day 

Third  day 

Fourth  day 

Fifth  day 

Feces  of  steer  No.  2: 

First  day 

Second  day 

Third  day 

Fourth  day 

Fifth  day 


Water. 


Per  cent. 

78.27 
78.09 
75. 75 
78.98 

77.24 

84.87 
88.56 
80.97 
81.82 
74.99 


Ash. 

Per  cent. 
13.31 
11.35 
14.11 
15.80 
10.55 

16.15 
13.19 
15.56 
15.41 
13.61 


Protein. 

Fat. 

Crude 
fiber. 

Percent. 

Per  cent. 

Per  cent. 

11.50 

2.17 

44.52 

10.53 

2.11 

42.73 

10.68 

2.52 

45.06 

10.67 

3.00 

41.19 

11.74 

3.16 

42.02 

11.57 

2.26 

43.68 

10.72 

3.18 

46.67 

10.63 

3.37 

42.56 

11.57 

3.51 

43.37 

10.63 

3.36 

46.54 

free  ex-    "?f"r 
tract.    '  ™*^^'- 


Per  cent. 

Percent, 

28.50 

86.69 

33.28 

88.65 

27.63 

85.89 

29.34 

84.20 

*    32.53 

89.45 

26.34 

83.88 

26.24 

86.81 

27.88 

84.44 

26.14 

84.50 

25.86 

86.39 

Table  12. —  Weight  of  the  feed,  refuse,  and  feces  in  experiment  No.  5,  with  the  calculated 

digestion  coefficient. 


STEER  NO.  1. 


I      Dry 
I  matter. 


Ash. 


Protein.       Fat. 


Crude 
fiber. 


Nitrogen- 
free  ex- 
tract. 


Qrama. 

Total  alfalfa  fed 32,274.1 

Totalrefused I      121.1 


Grams.  \   Grams. 

3,256.5  I  4,547.4 

12.2     17.1 


Grams.      Grams. 

668. 1   10, 418. 1 

2.5  I   39.1 


Grams. 

13,384.0 

29.1 


Total  eaten ,32, 153.0 


Feces:  { 

First  day 2, 162. 1 

Second  day '  2,952.4 

Third  day '  2,934.3 

Fourth  day I  2,979.6 

Fifth  day i  2,981.6 

17 


Total  feces  dropped ^14, 010.0 

143.0 


Total  digested 

Coefficient  of  digestion 
cent) 


18,] 


(per 


56.43 


3,244.3       4,530.3  665.6     10,479.0     13,364.9 


287.8 
335.1 
414.0 
470.8 
314.6 


1,822.3 
1,422.0 


43.83 


248.6 
310.9 
313.4 
317.9 
350.0 

1,540.8 
2, 


1.5 


46.9 
62.3 
73.9 
89.4 
94.2 

366.7 
298.9 


I 

962.6 
1,261.6 
1,322.2 
1,227.3 

I  1,252.9 

6,026.6 
I  4,452.4 


Organic 
nmtter. 


Grams. 
29,017.6 

87.8 


28,929.8 


616.2 
I  982.5 
I  810.8 
1      874.2 

909.9 

I  4,253.6 
9,101.3 


65.99  I        44.91  I        42.49  ! 


1,874.3 
2,617.3 
2,520.3 
2,508.8 
2,667.0 

72,187.7 
16,742.1 

57.87 


STEER  NO.  2. 


Total  alfalfa  fed 

32,274.1       3,256.5 
None.        None. 

4,547.4 
None. 

1                   1 
668.1     1 10, 418.1     13,384.0       29,017.6 

Total  refused         

None.        None.  '     None.          None. 

Total  eaten 

32,274.1 

3,256.5 

4,547.4 

668.1     ,10,418.1      13,384.0    ,29,017.6 

Feces: 

First  day 

2,258.2 
1,947.1 

364.7 

256.8 

261.3 
208.7 
299.4 
375.5 
441.2 

1                  1 
51.0          986.4    '      594.8         1,893.5 

Second  day 

61.9     !      908.7    '      511.0         1,690.3 

Third  dav    

2,816.4     1      438.2 
3,245.1              0.1 
4,150.4    '      564.9 

94.9     '  1,198.7    1       785.2         2,378.2 

Fourth  day 

113.9       1,407.4    1      848.2         2,745.0 

Fifth  day 

139.5       1,931.6       1.073.2         3,585.5 

Total  feces  dropped 

Totel  digested 

Coefficient   of   digestion    (per 
cent) 

14,417.2 
17,856.9 

55.33 

2.124.7  1,586.1 

1.131.8  2,961.3 

34.75           65.12 

461.2    1  6,432.8       3,812.4       12,292.5 
206.9       .3.985.3       9,571.6       16,725.1 

30.97          38.20           71.52  '          67.63 

Average  coefficient  of  digestion 
(per  cent) 

55.88 

1 
.39.29  1        65.56 

1 
37.94  1        40.35          69.84  1          67.75 

1                   1                   -              * 
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EFFECT  OF  PRICKLY  PEAR  ON  THE  DJpESTIBILITY  OF  OTHER  FEEDING 

STUFFS. 

From  Table  13  it  may  be  seen  that  in  feeding  a  mixed  ration  of 
prickly  pear  and  alfalfa,  or  prickly  pear  and  cotton-seed  meal,  the 
general  effect  is  to  increase  the  digestibility  of  all  three  feeds.  This 
table  shows  an  increase  in  the  digestible  dry  matter  of  all  three,  and 
with  some  e^cception  there  is  an  increase  in  the  digestibility  of  the 
nutrients  in  them  all. 

If  the  ration  of  prickly  pear  will  increase  the  digestibility  of  all 
feeding  stuffs,  as  it  apparently  has  that  of  alfalfa  and  cotton-seed 
meal,  then  this  feed  has  a  greater  value  than  is  shown  by  its  own 
digestible  nutrients.  The  probabilities  are  that  the  addition  of  this 
green  and  succulent  feed  to  any  dry  feeding  stuff  will  increase  the 
digestibility  of  both. 

Table  13. — Average  digestihility  of  prickly  pecw,  alfalfa^  and  cotton-seed  meal,  and  of 
a  mixed  ration  of  alfalfa  and  prictly  fficar^  and  cottonrseed  meal  and  prickly  pear. 


Prickly  pear  alone 

Alfalfa  alone 

Cotton-aeed  meal  alone 

Alfalfa  and  prickly  pear 

Cotton-seed  meal  and  prickly 
P«»r 


1 

Dry 
j  matter. 

Ash. 

Per  cent. 

Percent. 

64.91 

35.69 

55.88 

30.29 

73.70 

23.70 

68.41 

80.59 

74.86 

57.32 

Protein.       Fat. 


Percent.  Percent. 


49.56 
65.56 
88.40 
60.65 

73.70 


68.46 
37.94 
93.30 
52.28 

103.70 


fiber.     !    ^,„„^ 


Pet  cent. 

Percent. 

47.66 

80.77 

40.35 

69.84 

55.50 

60.60 

37.27 

78.65 

35.55 

68.77 

Organic 
matter. 


Per  cent. 
72.76 
67.75 
76.10 
64.38 

76.19 


Table  14. — Summary  of  all  digestion  coefficients  obtained  in  these  experiments,  together 
vHth  some  coefficients  of  alfalfa  and  cotton-seed  meal  as  determirud  elsewhere. 


Or- 
ganic 
matter. 


Average 
Averages  of  both  above  averages. 

Prickly  pear,  calculated  from  feed  of 

prickly  pear  and  alfalfa a\ 

Do 2 

Prickly  pear,  calculated  from  feed  ot  I 

prickly  pear  and  cotton-seed  meal. ...  1 

Do 2 


o  The  digestion  coefBcients  obtained  from  steer  No.  1  that  was  fed  a  ration  of  pricklv  pear  and  alfalfa 
are  all  evidently  too  low  and  should  not  be  used  In  the  preparation  of  rations  from  either  prickly  pear, 
alfalfa,  or  the  mixed  feed. 
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Table  14. — Summary  of  all  diaestion  cofMcients  obtained  in  these  experiments,  together 
with  some  coefficients  of  alfalfa  and  cotfon-seed  meal  as  determined  elsewhere— V<yii. 


Feed. 

Steer 
No. 

«1 
2 

Dry    1 
matter. 

Per  ct. 
56.84 
65.87 

Ash. 

Per  ct. 
21.46 
43.22 

Pro- 
tein. 

Fat. 

Per  ct. 
51.41 
62.89 

Crude 
fiber. 

Nitro- 
gen- 
free  ex- 
tract. 

Or- 
ganic 
matter. 

Prickly  pear  and  alfalfa 

Per  ct. 
40.84 
56.65 

Perct. 
35.80 
42.51 

Perct. 
75.09 
80.36 

Perct. 
61.57 

Do 

70.34 

A  verage 

61.36 

32.34 

48.75 

57.15 

39.16 

77.73 

65.96 

1 
2 

Prickly  pear  and  cotton-eeed  meal 

Do                                           

07.46, 
68.17 

30.03 
39.05 

74.53 
72.33 

91.66 
91.41 

44.28 
44.05 

77.97 
77.97 

73.60 
74. 15 

Average 

67.82 

39.04 

73.43 

91.49 

44.17 

77.97 

73.88 

1 
2 

Alfalfa  alone 

56.43 
55.33 

'43.83 
34.75 

65.99 
65.12 

44.91 
30.97 

42.49 
38.20 

68.16 
71.52 

57.87 

Do 

57.63 

Average 

65.88 

39.29 

65.56 

37.94  1    40.35 

69.84 

57.75 

«1 
2 

Alfalfa  when  fed  with  prickly  pear. . . . 
Do 

39.35 
68.41 

53.88 

38.90 
80.59 

29.76 
60.65 

26.54 
52.28 

26.65 
37.29 

67.04 
78.65 

42.24 
64.38 

Average 

59.75 

45.21 

39.41 

31.07 

67.85 

53.31 

Alfalfa,    ('oloriido   Kxperiment    Sta- 
tion  

()3.95 

60.20 
57.00 

57.67 

40.90 
38.00 

?2.54 

77.00 
68.80 

29.86       49.93 

54.00       49.00 
48.40  1    43.30 

51.00       46.00 

72.89 

71.80 
64.00 

69.20 

Alfalfa:* 

Maximum 

Minimum 

• 

Average 

58.90 

39.50 

72.00 

Alfalfa,  Minnesota   Kxperiment  Sta- 
tion  

65.84 

50.40 
58.25 
60.03 
60.16 

51.48 

63.49 
56.41 
60.90 
40.85 

75.38 

78,52 
76.14 
76.70 
70.30 

55.88 

60.00 
30.39 
51.65 
50.57 

57.57 

46.10 
50.44 
50.63 
45.67 

71.86 

75.31 
71.99 
75.24 
71.80 

Alfalfa,    Kansas    Experiment    Sta- 
tion: 
First  cut 

Second  cut 

Third  cut 

Alfalfa,  Utah  Experiment  Station 

Cotton-seed  meal: 6 

Maximum 

83.90 
65.00 

73.70 

38.00 
3.00 

96.10 
83.50 

103.20 
87.30 

100.00 
19.50 

71.00 
43.80 

87.00 

Minimum 

69.10 

Average 

23.70 

88.40 

93,30 

65.50 

60.60 

76.10 

1 
2 

Cotton-seed  meal  from  feed  of  cotton- 
seed meal  with  prickly  pear. 

72.84 

76.88 

74.80 

47.42 
67.22 

57.32 

77.51 
60.89 

102.7 
104.6 

37.04 
34.06 

64.83 
72.71 

75.09 

Do 

77.28 

Average 

73.70 

103.7 

35.55 

68.77 

76.19 

a  The  digestion  cocflicients  obtained  from  stocr  No.  1  that  was  fed  a  ration  of  prickly  pear  and  alfalfa  . 
are  all  evidently  too  low  and  should  not  be  used  in  the  preparation  of  rations  from  oiiher  prickly  pear, 
alfalfa,  or  the  mixed  feed. 

fr  Bulletin  77,  Office  of  Experiment  Stations,  United  States  Department  of  Agriculture. 
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Table  15.-  Daily  rations  fed  diirino  thefive  digestion  periods^  and  a  maintenance  ration 
for  each  steer  calculated  from  Wolffs  feeding  standard  for  oxen  at  rest  in  stalls. 

STEER  NO.  1. 


Experi- 
ment 
No. 


Feed. 


Digestible  organic  matter. 


Dry 
matter. 


1 1  Prickly  pear  (Opunftd  lind-    Pounds. 

heimeri) 

2 Prickly  pear  (O.  Utvisf) 

3 Prickly  pear  and  alfalfa 

4 Prickly  pear  and  cotton-seed 

meal 

6 j  Alfalfa 

'  Maintenance  ration 


13.84 
6.64 
12.  W 

14.14 
14.19 
15.10 


Protein. 


Carbo- 
hydrates, 


Pounds.  ,  Pounds. 
0. 42  !  7.  44 


.11 

.35 : 


3.57 
6.48 


Fat. 

Pounds. 

0.13 

.08 

.11 


Nutri- 
tive 
ratio. 

ToUl 
nutri- 
ents. 

Pounds. 
8.00 
3.76 
6.94 

l:l&23 
1:33.66 
1:19.13 

I 

STEER  NO.  2. 


1.68 

1 

6.13 ; 

.62 

1.31 

5.98 

.11 

.60 

6.90 

.13 

8.43 
7.40 
7.66 


1:  4.49 
1:  4.75 
1:12 


Prickly  pear  {Opuntia  lind- 
heimeri) 

Prickly  pear  (O.  Iserist) 

Prickly  pear  and  alfalfa 

Prickly  pear  and  cotton-seed 
meal 

Alfalfa 

Maintenance  ration 


12.98 

0.40 

9.36 

.16 

16.44 

.56 

17.35 

1.75 

14.23 

1.32 

16.70 

.67 

&98 
5.02 
8.93 

8.09 
5.98 
7.65 


0.13  ; 

7.60 

1:1&23 

.11 

6.29 

1:33.04 

.17, 

9.66 

1:16.65 

.68 ; 

ia52 

1:  5.52 

.11' 

7.40 

1:  4.74 

.14  ! 

8.43 

1:12 

Table  16. —  Weight  of  feed  eaten,  feces  and  urine  excreted,  and  water  dnink  during  thefive 

digestion  periods. 


Ex- 
peri- 
ment 

No. 


Steer 
No. 


Prickly  pear  (Opuntia  lind- 

heimeri) 

Prickly  pear(0.  lindheimrri) 

Prickly  pear  (O.  IxHs?) 

Prickly  pear  (O.  Ixris) 

[Prickly  pear 

J.Mfalfa 


Feed. 


Weight  of  feed  for 
five  days. 


Grams.     Pounds. 


Average  weight  of    Weight  of  feces  for 
feed  per  day.       !  five  day. s. 


187,539 
179,314 
121,322 
163,630 

95,580 
10,205 


413.63 
395.48 
267.58 
360.89 

210. 81 
22.51 


Grams. 


46,884.75  I 
44,828.5 
2,426.  44  , 


32,726 


Pound.H. 

Grams. 

ia^41 

62,766 

98.87 

58,591 

53.52 

20,293 

72.18 

38,896 

Pounds. 


138.43 
129.23 
44.75 
85.79 


19,116 
2,041 


Total il05,785 


Prickly  pear. 
Alfalfa 


129,627 
10,702 


Total 140,329 


Prickly  pear 

Cotton-seed  meal. 


84,498 
10,845 


Total 95,343 


1  Prickly  pear 
Cotton-seed  meal . 


[  Total. 

Alfalfa 

Alfalfa 


106,645 
11,318 


117,963 


.339,922.4 
.1340,060 


I 


233.32  21,157 


285.89 
23.60 


I- 


42.16  I 
4.50  I 


46.66  I 


63,355  I 


139.73 


186.36 
23.92 


210.28 


25,925.4    I 
2,140.4    I 


57.18 
4.72 


61.90 


16,899.8    I 
2,169.0    I 


37.27 

4.78 


19,06S.8 


42.05 


73,485  I 


54,605  ! 


235.21 
24.96 


21,329.0 
'  2,26a6 


47.04 
4.99 


260.17  |23,592.6 


52.03'      75,155 


165.76 


749.72 
750.0 


67,984.6 
68,010.0 


149.94  . 
160.0 


62,800 
81,190 


138.51 
179.07 


a  This  experiment  lasted  for  a  period  of  four  days  only. 
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Table  16. — Weight  of  feed  eaten,  feces  and  urine  excreted,  and  water  drunk  during^  the  Jive 
digestion  periods — Continued. 


Ex-I 
perl- 
ment  i 

No.  1 

Steer 
No. 

Feed. 

Average  weight  of 
feces  per  day. 

Weight  of  urine  for 
five  days. 

Average  wetebt  of 
urine  per  day. 

Grams. 

Pounds. 

Grams. 

Pounds. 

Grams. 

a\  ' 

[; 

f   1 

1 
2 

1 

2 

1 
2 

PricUy  pear  (Opuitftd  lind- 
heimeri) 

15,091.5 
14,647.75 
4,058.6 
7,779.2 

34.61 
32.31 
&95 
17.16 

51,961 
38,915 
26,874 
£0,848 

114.65 
85.83 
50.27 

112. 15 

12,996.2 
9,728.75 
5,374.8 

10,169.6 

28.66 

2 

PricUy  pear  (O.lindheimeri) 
Prickly  pear  (0.  Ixvisf) .... 
Prickly  pear  (0.  Ixvis) 

[Prickly  pear 

21.46 
11.85 
22.43 

~ 

1 

Alfalfa 

Total 



12,671 

27.94 

31,700 

69.92 

6,340        j          13.98' 

3 

(Prickly  pear 

...    ...... 

Alfalfa 

1 

Total 

; 



' 

14,697 

32.41 

42,222 

93.12 

8,444.4 

18L63 

1 

[Prickly  pear 

1 

1 

Cotton-eeed  meal 



Total . 

1 

10,921 

24.09  '      28,975 

63.91 

5,795        1          12.78 

4  • 

[Prickly  pear 

1 

■ 

Cotton-aeed  meal 

1 

Total 

15,031 

33.16 

37,525 

82.76 

7,505 

16.55 

1 

Alfalfa 

12,560 
16,238 

27.70 
35.81 

44,785 
43,910 

98.77 
96.84 

8,990 

19.75 

5 

Alfalfa 

8,782                 19.37 

1 

Ex- 
peri- 
ment 

No. 

Steer 
No. 

Feed. 

Weight  of  water           Average  weight  of 
drunk  for  five  days.            water  per  day. 

Grams.     1   Pounds.        Grams.        Pounds. 

•                   1 

al 

1 
2 

2 

1 

Prickly  pejir  {Opuntia  lindht 
Prickly  pear  (0.  lindhHmeri 
Prickly  pear  (0.  Ixvvst) .... 

*imeri) 

) 

None.  1         None.        None. 
None.  <         None.        None. 

None. 
None. 

17,225             37.99 

12,275  ,           27.07 



3,445 
2,455 

7.  GO 

2 

Prickly  pear  (0.  fcrrw) 

5.41 

(Prickly  pear 

Alfalfa 

' 

Total 

1 

41,263 

91.01  ;        8,252.6                  18.2 

z\ 

2 

1 

(Prickly  pear 

Alfalfa -                 1 

1 

Total 

Prickly  pear. 





43,240 

95.37  !        8,648      '             19.07 

1 

Cotton-seed  meal  ^ 

1 

Total. 

66,700  1         147.11  1      13,340      |             29.42 

4 

2^ 

Prickly  pear 

, 

Cotton-seed  meal 

::::::::::::  :::"::::j:::::::::.:.l.::::.::..i:.:::.::... 



I           Total 

83,475 

184.11  1      16,605      1             3&82 

'. 

[      1, 

[      21 

Alfalfa 

Alfalfa 

106,480  '         234. 8C 
110,980  '         244.77 

21,296                   46.97 
22,106                  48.95 

a  This  experiment  lasted  for  a  period  of  four  days  only. 


Digitized  by  VjOOQ IC 


GAIN    OR   LOSS   OF    NITROGEN.  35 

INCOME    AND   OITTQO   OP   NITROGEN. 

In  Table  17  is  given  the  income  and  outgo  of  nitrogen  for  both 
steers  during  the  five  digestion  periods.  The  gain  or  loss  of  nitrogen 
is  the  difference  between  the  amount  taken  into  the  animal  as  food 
and  the  sum  of  that  which  is  excreted  in  the  feces  and  urine. 

It  is  interesting  to  note  that  in  the  first  digestion  period,  when  the 
steers  were  fed  prickly  pear  {Opuntia  lindJieimeri)  alone  which  had  a 
nutritive  ratio  of  1  to  18.23,  they  each  gained  nearly  1  pound  of  pro- 
teids  in  the  four  days.  Steer  No.  1,  for  example,  ate  1,322.8  grams 
(2.9  pounds)  of  protein  and  gained  453.1  grams  (1  pound)  or  34.26 
per  cent. 

Prickly  pear  alone  was  the  ration  also  for  the  second  period,  but  in 
this  experiment  a  different  species  was  used,  as  well  as  different  steers, 
and  the  latter  were  fat  from  a  previous  grain  ration  and  not  accus- 
tomed to  eating  prickly  pear.  Analysis  shows  that  the  feed  from 
this  species  of  prickly  pear  has  about  1  per  cent  less  protein  than  the 
species  fed  in  the  first  period.  The  steers  ate  only  about  half  the 
ration  eaten  by  the  steers  for  the  first  period  and  digested  about  18 
per  cent  less  of  the  protein.  As  a  consequence  the  nutritive  ratio  in 
this  feed  was  1  to  33  for  both  steers,  and  each  lost  over  one-half  pound 
of  protein,  or  nearly  50  per  cent  of  that  eaten  during  their  five-day 
digestion  period.  Steer  No.  1,  for  example,  consumed  99.2  grams 
and  excreted  146.1  grams  of  nitrogen  in  the  five  days,  making  a  loss 
of  293.1  grams  (0.65  pound)  of  protein,  or  47.28  per  cent.  In  the 
third  digestion  period  steer  No.  1  ate  42.16  pounds  of  prickly  pear  and 
4.5  pounds  of  alfalfa  daily,  while  steer  No.  2  ate  57.18  pounds  and 
4.72  pounds  of  alfalfa.  Something  went  wrong  in  this  experiment 
with  either  steer  No.  1  or  our  analyses,  we  can  not  say  which,  although 
fairly  closely  agreeing  duplicate  determinations  were  secured  in  all 
the  analyses.  Table  17  shows  a  low  digestion  coefficient  by  this  steer 
for  all  the  nutrients.  This  animal  consumed  312.4  grams  of  nitrogen 
for  the  five  days,  and  excreted  346.5  grams,  making  a  loss  of  213.1 
grams  of  protein,  or  10.9  per  cent  of  the  nitrogen  consumed.  There 
was  excreted  in  the  urine  51.76  per  cent,  while  with  steer  No.  2,  on 
practically  the  same  ration,  only  28.16  per  cent  of  the  nitrogen  was  in 
the  urine. 

The  results  obtained  with  steer  No.  2  were  more  satisfactory 
throughout.  He  showed  a  normal  digastion  coefficient  for  all  the 
nutrients,  but  it  was  hardly  enough  for  the  proteids  to  make  a  theo- 
retical maintenance  ration  for  him;  yet  we  find  a  daily  gain  in  Table 
17  of  127.6  grams  of  this  nutrient. 

There  was  a  quite  uniform  gain  of  nitrogen  for  both  steers  during 
the  fourth  digestion  period  in  which  prickly  pear  and  cotton-seed 
meal  composed  the  ration.  The  gain  for  steer  No.  1  amounted  to 
30.46  per  cent,  and  for  steer  No.  2,  23.07  per  cent. 
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Fifteen  pounds  of  alfalfa  per  day  was  the  ration  for  both  steers 
during  the  fifth  period.  The  digestion  coefficient  for  the  two  was 
close  enough  to  make  a  nutritive  ratio  for  both  of  1  to  4.75. 

From  Table  15  it  may  be  seen  that  steer  Xo.  1  digested  or  retained 
in  his  system  1.31  pounds,  and  No.  2,  1.32  pounds  of  protein  during 
this  period.  According  to  Wolif *s  standard  for  oxen  at  rest  in  stalls 
these  figures  are  0.71  pound  for  steer  No.  1  and  0.65  pound  for  steer 
No.  2  in  excess  of  the  amount  required  for  maintenance;  yet  we  find 
that  during  the  five  days  ste^r  No.  1  gained  only  302.5  grams  (0.66 
pound)  of  protein,  and  steer  No.  2  actually  lost  222.5  grams  (0.5 
pound).  Why  there  should  be  such  a  slight  gain  of  protein  for  steer 
No.  1  and  a  loss  for  No.  2  when  the  proteids  actually  digested  by 
both  were  far  in  excess  of  the  estimated  amount  required  we  are  at 
a  loss  to  say.  It  may  be  explained,  however,  by  the  supposition 
that  because  of  the  narrow  nutritive  ratio  of  the  feed  neither  steer 
had  a  maintenance  ration  of  nonproteids,  and  to  supply  the  necessary 
energy  their  bodies  broke  down  the  proteids  and  used  the  nonni- 
trogenous  part  of  the  molecule,  excreting  the  nitrogenous  portion 
produced  from  the  cleavage  through  the  kidneys.  That  such  is  the 
case  would  seem  to  be  shown  by  the  fact  that  steer  No.  2,  for  exam- 
ple, in  consuming  727.6  grams  (1.6  pounds)  of  nitrogen  excreted 
509.4  grams  (1.1  pounds)  or  70.01  per  cent  in  the  urine. 

Table  17. — Income  and  outgo  of  nitrogen  during  the  five  digestion  periods. 


Ex- 
peri- 
ment 

No. 


Ex- 
peri, 
ment 

No. 


Fe«l. 


Steer  Nitrogen  Nitrt^en 
No.  '.  in  urine.  ,  in  feces. 


1  I  Prickly  bear  {Opuntia  lindheimeri) . 


OravM.  '  Qrams. 


1 

2  I 


Prickly  pear.  (O.  Isevial) I  j      ^ 

Prickly  pear  {O.engeJmannii  cycloi- 

des)  and  alfalfa 

Prickly  pear  (O.  rngelmannii  cycloi- 

des)  and  cotton-seed  meal 

Alfalfa..'. 


ra. 

47. 

m. 

121. 
IGl. 
10(). 

aw. 

430. 
509. 


Feed. 


Steer 
,  No. 


!f  1 

Prickly  pear  ( Opuntia  lindheimeri^ i-j  ^ 

Prickly  pear  (0.  Ixvis  ?) {  ^ 

Prickly  pfear  (0.  engelmannii  cycloidea)  '|  i 

and  alfalfa \  2 

Prickly  pear  (0.  engelmannii  cycloides)  \f  1 

and  cotton-seed  meaL I\  2 

Alfalfa If  i 


8(}.G 
84.4 
GO.l 
81.7 
184.8 
l.'>5.3 
207.7 
242.2 

24<i.r) 

253.8 


Total  I  Total  Nitrogen 
nitrogen  i  nitrogen  (gain,  +; 
excreted.,    eaten,    [losa,  — ). 


Orams. 
139.1 
131.  f) 
146.1 
20.3.2 
346.5 
256.2 
567.0 
673. 7 
676.5 
763.2 


Oramt. 

Orams. 

211.6 

+  72.5 

198.4 

+  66.9 

99.2 

-  46,9 

140.0 

-  63.2 

312.4 

-  34.1 

358.3 

4-102.1 

815.3 

-i-248.3 

875.7 

-1-202.0 

724.9 

-f-  48.4 

727.6 

-  35.6 

Proteids 

Nitrogen 

Excreted 

(gttln.  -1- ; 

(gain.  +; 

nitrogen 

loss,  -). 
Orams. 

loss,  -). 
Per  cent. 

in  feces. 

Per  cent. 

+     453.1 

-1-34.  26 

40.93 

+     418.1 

+  33.72 

42.54 

-     293.1 

-47.28 

60.58 

-     395.0 

-45.14 

68.35 

-     213.1 

-10.92 

50.15  1 

+     638.1 

-1-28.50 

43.34  1 

+  1,.551.9 

+  30.46 

26.47  1 

-1-1.262.5 

+23.07 

+     302.5 

+  6.68 

34.66 

-     222.5 

-  4.89 

34.88 

Excreted 
nitrogen 
in  urine. 


Percent. 
24.82 
23.74 
86.60 
8&79 
61.76 
28.16 
54.09 
40.16 
60.32 
70.01 
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CONCLUSIONS. 


(1)  The  average  digestibility  of  the  nutrients  of  prickly  pear  as 
determined  in  the  first  experiment  where  Ojmntia  lindheimeri  was 
used  were:  Dry  matter,  65.86  per  cent;  ash,  33.68  per  cent;  pro- 
tein, 57.47  per  cent;  fat,  68.38  per  cent;  crude  fiber,  41.32  per  cent; 
nitrogen-free  extract,  81.78  per  cent. 

In  the  second  experiment  where  the  variety  0.  Iset^f  was  used 
the  coefficients  of  digestion  were:  Dry  matter,  63.96  per  cent;  ash, 
35.81  per  cent;  protein,  40.87  per  cent;  fat,  69.02  per  cent;  crude 
fiber,  53.99  per  cent;  nitrogen-free  extract,  78.95  per  cent; 

In  general  these  results  would  perhaps  show  a  somewhat  low 
coefRcient  for  protein,  a  decidedly  low  coefficient  for  ash,  but  a 
very  high  coefficient  for  the  nitrogen-free  extract.  The  total  digest- 
ible nutrients  are  about  ec^ual  to  those  of  immature  green  corn  fodder. 

(2)  Our  experiments  seem  to  show  that  when  prickly  pear  is  fed 
with  cured  fodders  or  grains  the  digestibility  of  both  is  increased. 
For  this  reascm  prickly  pear  has  a  greater  food  value  than  is  shown 
by  its  analysis  and  digestion  coefficients. 

(3)  The  nutritive  ratio,  i.  e.,  the  ratio  of  proteids  to  carbohy- 
drates, is  very  >^dde  for  this  feed,  and  in  feeding  it  to  all  classes  of 
animals,  for  whatever  purpose,  much  better  results  should  be  obtained 
when  it  is  fed  with  some  substance  of  a  high  protein  content. 

(4)  While  the  digestibility  of  the  ash  was  apparently  small,  as 
noted  above,  yet  the  large  amount  of  ash  contained  in  these  plants 
caused  more  ash  to.be  assimilated  from  a  ration  equivalent  to  15 
pounds  of  dry  matter  than  is  ordinarily  assimilated  from  an  equal 
ration  of  alfalfa,  which  has  a  higher  coefficient  of  digestion  for  its  ash. 

(5)  The  steers  seldom  drank  water  when  fed  prickly  pear  alone. 
In  fact,  in  feeding  a  ration  of  100  pounds  of  this  fcecl  per  day  the 
animals  obtained  from  the  feed  over  8  gallons  of  water,  which  is 
more  than  was  usually  drunk  by  them  when  fed  cured  fodders  alone. 

(6)  While  no  digestion  experiments  were  made  with  any  of  the 
cacti  other  than  prickly  pear,  the  digestion  coefficients  of  the  latter 
could  probably  be  safely  used  for  all  other  members  of  this  family, 
since  their  composition  and  other  characteristics  are  similar. 

(7)  It  may  be  seen  that  both  steers  gained  proteids  during  the 
first  experiment,  although  both  ate  a  smaller  ({uantity  of  dry  matter 
which  contained  less  proteids  than  are  required  according  to  WolfTs 
standard  ration  for  oxen  of  their  weight  at  rest  in  stalls. 

In  the  second  experiment  both  animals  lost  proteids,  but  here 
steer  No.  1  ate  less  than  half  of  what  was  eaten  by  steer  No.  1  in 
the  first  experiment,  and  steer  No.  2  ate  over  3  pounds  less  than 
steer  No.  2  of  experiment  No.  1, 
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(8)  Animab  scour  quite  badly  when  fed  prickly  pear  alone ;  beddes, 
other  feeds  are  needed  to  supply  the  proper  amount  of  iHt>teids: 
and  for  these  reasons  it  is  better  not  to  feed  it  alone. 

A  ration  for  a  1,000-pound  milch  cow  of  50  pounds  of  prickly 
pear,  10  pounds  of  wheat  bran,  and  10  pounds  of  alfalfa  would 
furnish  about  the  correct  theoretical  amount  of  nutrients,  in  which 
the  ratio  of  proteids  to  carbohydrates  would  be  1  to  5.46. 


O 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 

Washinffton^  D.  C,  April  13,  1908. 

Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  bulletin  of  this  Bureau  the  accompanying  manuscript 
entitled  "  The  Analysis  of  Coal-tar  Creosote  and  Cresylic  Acid  Sheep 
Dips,"  by  Robert  M.  Chapin,  assistant  chemist  in  the  Biochemic 
Division. 

The  Department,  in  accordance  with  Bureau  of  Animal  Industry 
Order  143,  sanctions  the  use  of  certain  classes  of  preparations  for  the 
official  dipping  of  sheep  and  cattle.  A  large  number  of  dips  are 
manufactured  and  used  throughout  the  country,  and  samples  are  con- 
stantly being  submitted  to  the  Department  for  the  purpose  of  having 
their  use  permitted  in  official  dipping,  the  analytical  work  as  a  basis 
for  passing  on  them  being  performed  in  the  Biochemic  Division  of 
this  Bureau. 

This  paper  deals  with  methods  of  determining  the  various  constit- 
uents of  dips  prepared  from  coal-tar  derivatives.  It  has  become  of 
some  importance  to  find  methods  of  analysis  which  shall  be  sufficiently 
accurate  and  at  the  same  time  not  make  excessive  demands  upon  the 
skill  or  time  of  the  analyst,  and  the  methods  proposed  in  the  paper 
appear  to  be  comparatively  simple  and  considerably  more  accurate 
than  those  heretofore  employed.  They  should  accordingly  be  useful 
to  persons  concerned  in  the  examination  and  production  of  such  dips, 
and  are  expected  to  assist  manufacturers  in  meeting  the  Department's 
requirements. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  Ja3ies  Wilson, 

Secretary  of  Agriculture.  ^ 
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THE  ANALYSIS  OF  COAL-TAR  CREOSOTE  AND  CRESYLIC 
ACID  SHEEP  DIPS. 


INTBODUCTOBY. 

The  Department  of  Agriculture  at  present  sanctions  the  use  of 
properly  constituted  coal-tar  creosote  and  cresylic  acid  preparations, 
commonly  termed  "  dips,"  for  the  official  dipping  of  sheep  for  the 
cure  of  scabies.  The  proprietor  of  each  dip  must,  however,  fulfill 
certain  requirements  in  order  that  the  use  of  his  product  may  be 
permitted  in  official  dipping,  involving  the  submission  of  a  sample 
to  the  Department  for  examination.®  The  Biochemic  Division  of 
the  Bureau  of  Animal  Industry  has  accordingly  been  obliged  to 
examine  a  large  number  of  these  compounds  and  to  confront  the 
problem  of  finding  analytical  methods  of  considerable  accuracy 
which  would  yet  not  make  excessive  demands  upon  the  skill  or  time 
of  the  analyst.  While  these  substances  have,  of  course,  afforded 
a  field  for  investigation  by  a  number  of  different  workers,  so  far  as 
known  no  other  laboratory  has  been  compelled  to  make  their  detailed 
examination  such  a  matter  of  routine.  Accordingly  the  methods 
here  applied  may  be  of  interest  to  others  who  have  occasion  to 
examine  these  or  similar  compounds,  as  well  as  to  manufacturers. 

COAL-TAB  CBEOSOTE  DIPS. 

These  dips  are  quite  simply  made  by  dissolving  rosin  in  phenol- 
bearing  coal-tar  oils,  adding  an  aqueous  solution  of  caustic  soda  and 
applying  a  moderate  degree  of  heat  until  saponification  is  complete. 
The  undiluted  dip  should  be  a  clear,  uniform  liquid,  showing  no 
separation  of  its  constituents.  When  properly  diluted  with  a  con- 
siderable quantity  of  water  there  results  a  permanent,  uniform  emul- 
sion, from  which,  on  standing,  no  oily  layer  or  globules  should 
separate  either  at  top  or  bottom. 

The  completed  dip  will  contain,  then,  the  following  substances: 
(1)  Coal-tar  hydrocarbons,  (2)  phenols,  (3)  pyridin  and  other  vola- 
tile bases  contained  in  coal-tar  oils,  (4)  rosin  acids,  (5)  soda  (NagO), 
(6)  water.  In  special  cases  certain  other  substances  may  be  looked 
for.     The  rosin  acids  and  soda  will  be  present  in   approximately 

*  Bureau  of  Auimnl  Industry  Order  143. 
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equivalent  proportions  in  combination  as  a  rosin  soap.  To  the  latter 
substance  is  due  the  power  of  the  dip  to  form  a  perfect  emulsion 
when  diluted  with  water. 

CURRENT  METHODS  OF  ANALYSIS. 

Methods  of  analysis  heretofore  employed  may  be  classified  into 
(a)  commercial  and   (6)   scientific. 

The  commercial  methods  aim  at  quick  results  and  assume  that  the 
hydrocarbons  and  phenols  alone  need  be  determined,  since  they  are 
the  essential  ingredients  of  the  dip.  A  measured  or  weighed  amount 
is  shaken  with  aqueous  sulphuric  acid,  the  separated  aqueous  layer  is 
run  off,  and  the  residual  oily  portion  is  poured  into  a  fractionating 
flask  and  distilled  into  a  graduated  cylinder  until  rosin  begins  to 
decompose,  as  shown  by  the  character  of  the  vapors  and  the  distillate. 
The  distillate  will  then  supposedly  contain  all  the  phenols  and  all 
the  coal-tar  hydrocarbons  except  a  slight  amount  remaining  in  the 
flask,  w-hich,  however,  is  in  a  measure  balanced  by  a  small  amount 
of  rosin  oil  in  the  distillate.  After  taking  the  volume  and  specific 
gravity  of  the  distillate  in  the  cylinder,  strong  aqueous  caustic  soda 
is  introduced ;  the  cylinder  is  then  stoppered  and  thoroughly  shaken. 
Phenols  will  be  taken  up  by  the  caustic  soda,  and  will  be  contained  in 
the  alkaline  aqueous  layer  which  separates  after  the  cylinder  has 
stood  some  time.  The  volume  of  hydrocarbons  in  the  amount  of  dip 
taken  may  then  be  read  directly,  and  the  volume  of  phenols  may  be 
obtained  by  difference  or  by  noting  the  increase  in  volume  of  the  soda 
solution. 

The  process  undoubtedly  undergoes  some  modifications  in  the  hands 
of  different  workers,  but  the  foregoing  is  a  general  outline  of  a  class 
of  methods  which  are  apparently  used  considerably  by  commercial 
chemists,  judging  from  information  which  has  come  to  the  Biochemic 
Division  from  several  different  sources. 

The  scientific  methods  follow  in  general  the  system  given  by 
Allen.«  Fifty  grams  of  dip  are  shaken  with  ether  and  aqueous  sul- 
phuric acid.  Bases  are  removed  in  the  aqueous  layer,  which  is  then 
treated  with  excess  of  sodium  hydroxid,  and  the  volatile  bases  are 
distilled  off  with  steam  and  determined  in  the  distillate  by  titration 
with  standard  acid  and  methyl  orange.  The  ethereal  portion  is 
shaken  with  aqueous  caustic  soda,  which  removes  phenols  and  rosin 
acids,  leaving  in  ethereal  solution  hydrocarbons  which  are  weighed 
jifter  expulsion  of  ether.  The  alkaline  aqueous  solution  of  phenols 
and  rosin  acids  is  acidified  with  sulphuric  acid,  and  the  phenols  are 
distilled  over  with  steam  and  determined  in  the  distillate  by  any  suit- 
able method.     The  distillation  flask  containing  the  rosin  acids  is 

«Allen,  A.  II.,  Commercial  Organic  Analysis,  3d  ed..  Vol.  II,  Pt.  II,  p.  262. 
1901. 
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cooled,  the  rosin  acids  are  separated  by  ether  and,  after  expulsion  of 
ether,  weighed.  Soda  is  determined  by  ignition  of  a  small  portion 
of  the  dip  in  a  crucible,  either  to  sodium  carbonate  or,  with  addition 
of  sulphuric  acid,  to  sodium  sulphate. 

CRITICISM    OF    METHODS. 

The  commercial  method  of  analysis,  while  rapid,  contains  some 
serious  sources  of  error.  Obviously  a  little  of  the  phenols  is  lost  in 
the  acid  aqueous  extract.  Moreover,  practically  all  dips  contain 
more  or  less  voluminous  insoluble  carbonaceous  matter,  which  con- 
duces to  the  formation  of  an  emulsion  at  the  junction  of  the  two 
layers  in  the  separating  funnel.  Loss  of  hydrocarbons  and  phenols 
results  if  this  emulsion  is  run  off,  while  if  allowed  to  remain  with 
the  oily  layer,  water  together  with  sulphur  dioxid  or  hydrogen  sul- 
phid  will  pass  into  the  distillate,  all  of  which  tend  to  increase  un- 
duly the  volume  of  hydrocarbons  and  phenols  when  the  latter  are 
measured.  It  is  also  difficult  to  decide  exactly  when  to  stop  distilla- 
tion, particularly  in  those  dips  containing  oils  of  very  high  boiling 
point.  In  any  case  the  distillate  will  contain  some  rosin  oil,  while 
some  coal-tar  oil  will  be  left  behind  with  the  rosin,  the  relative 
amounts  of  which  will  vary  according  to  the  individual  judgment  of 
the  analyst  and  will  depend  to  a  considerable  extent  upon  the  char- 
acter and  proportions  of  rosin  and  coal-tar  oil  in  the  particular  dip 
under  examination. 

But  the  most  serious  source  of  error,  and  the  one  which  by  itself 
renders  the  method  utterly  untrustworthy,  is  the  fact  that  undecom- 
posed  rosin  is  distilled  along  with  the  hydrocarbons  and  phenols. 
This  rosin,  which  in  dips  containing  much  oil  of  high  boiling  point 
may  amount  to  several  grams,  is  of  course  taken  up  by  the  aqueous 
caustic  soda  with  which  the  distillate  is  shaken,  and  will  conse- 
quently cause  the  amount  of  phenols  to  appear  several  per  cent  too 
high.  Nor  is  the  presence  of  rosin  in  the  distillate  due  to  carrying 
the  distillation  too  far.  To  decide  this  point  dips  were  distilled  as 
described,  and  the  distillate  was  collected  in  six  to  eight  fractions. 
Each  fraction  was  treated  according  to  the  scientific  method  for  the 
separation  of  hydrocarbons,  phenols,  and  rosin.  The  results  showed 
that  rosin  began  to  come  over  soon  after  200°  C.  had  been  reached, 
and  continued  to  appear  in  increasing  quantity,  while  the  distillation 
of  phenols  is  certainly  not  complete  at  250°  C.  It  appears,  there- 
fore, utterly  useless  to  attempt  to  develop  any  accurate  method  of 
analysis  along  these  lines. 

The  scientific  method,  though  far  superior  to  the  commercial  in 
accuracy,  possesses  many  disadvantages.  As  is  well  known,  hydro- 
carbons are  considerably  soluble  in  aqueous  sodium  resinate  and 
sodium  cresylate,  while  both  of  these  latter  salts,  particularly  cresy- 
42557—08 2 
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lates,  are  readily  hydrolyzed,  and  yield  notable  amounts  of  their 
acids  to  ether.  Hence  many  extractions  and  reextractions  are  neces- 
sary to  obtain  anything  like  a  complete  separation  of  hydrocarbons 
from  rosin  and  phenols,  and  the  process  requires  much  time  and 
much  ether.  Moreover,  it  is  often  impossible  to  obtain  a  satisfactory 
result  on  weighing  the  hydrocarbons  because  their  volatility  renders 
it  difficult  to  free  them  completely  from  ether  and  moisture  without 
undue  loss.  Many  dips  contain*  a  certain  percentage  of  light  oils, 
and  obviously  results  may  then  be  far  from  the  truth.  Petroleum 
ether,  with  the  accompanied  use  of  alcohol,  offers  no  advantages  in 
the  operation  of  extraction,  and  renders  the  final  weight  of  hydro- 
carbons still  more  uncertain. 

METHODS   OF   ANALYSIS   ADOPTED   BY    THE   BUREAU. 

In  deciding  upon  an  official  method  of  analysis  it  was  desirable  to 
adopt  one  that  would  not  depend  largely  upon  the  individual  judg- 
ment of  the  analyst,  but  would  give  definite  and  concordant  results 
when  the  same  sample  was  handled  by  different  operators,  and  these 
results  should  closely  approximate  the  truth.  It  is  evident  that  the 
scientific  method  just  referred  to  is  far  from  satisfactory  in  this  re- 
spect. It  is  also  evident  that  no  method  which  involves  separation 
of  the  hydrocarbons  and  the  determination  of  their  weight  can  yield 
results  free  from  suspicion.  For  the  other  ingredients  of  these  dips 
workable  methods  have  been  found  which  attain  reasonable  accuracy 
and  give  concordant  results  in  the  hands  of  any  chemist  of  ordinary 
ability  with  a  little  practice,  and  which  do  not  make  excessive  de- 
mands upon  time  nor  require  expensive  chemicals.  It  has  seemed 
bcvSt,  therefore,  to  determine  these  other  ingredients,  to  subtract  the 
total  of  the  percentages  so  obtained  from  100,  and  to  call  the  remain- 
der "  hydrocarbons." 

The  following  methods  are  accordingly  those  now  employed  in  the 
laboratories  of  the  Biochemic  Division.  The  dip  is  well  shaken  be- 
fore weighing,  and  the  latter  operation  is  most  conveniently  per- 
formed by  pouring  into  a  beaker  somewhat  more  than  the  amount 
needed,  balancing  on  the  scales,  and  pouring  off  the  desired  amount 
into  the  receptacle  to  be  used  in  the  analysis. 

DETERMINATION   OF    WATER. 

Fifty  grams  of  dip  is  weighed  into  a  100  c.  c.  fractionating  flask 
with  a  moderately  high  side  tube,  beyond  the  exit  of  which  the  neck 
should  continue  for  not  more  than  one  inch,  and  the  flask  is  con- 
nected with  a  small  water-cooled  condenser  and  carefully  heated  with 
a  smoky  flame  until  oils  come  over  freely  and  carry  no  trace  of  water 
with  them,  but  the  distillation  should  not  be  unnecessarily  continued. 


Digitized  by  V3OOQ IC 


METHODS  OF  ANALYSIS  ADOPTED  BY  THE  BUREAU.  11 

The  distillate  is  received  in  a  properly  graduated  25  c.  c.  cylinder, 
allowed  some  time  to  separate  completely,  and  the  volume  of  water 
i-ead.  The  number  of  cubic  centimeters  of  water  multiplied  by  2 
equals  the  i^ercentage  of  water.  Ordinarily  the  process  offers  no  diffi- 
culties. A  dip  extremely  high  in  rovsin  may  bump  and  froth  over,  no 
matter  how  carefully  heated.  In  such  a  case  a  larger  flask  is  used, 
and  the  dip  is  diluted  with  about  an  equal  volume  of  water- free  min- 
eral or  coal-tar  oil.  In  case  separation  of  the  distillate  is  imperfect 
a  small  measured  amount  of  strong  NaCl  solution  is  added  from  a 
pipette,  and  the  cylinder  is  nearly  filled  with  benzol,  shaken,  and  left 
at  rest  for  some  time.  The  vohime  of  NaCl  solution  added  is  of 
course  to  be  deducted  when  the  reading  is  taken. 

DETERMINATION    OF    SODA    AND   PYRIDIN    BAHE8. 

The  method,  which  is  a  novel  combination  and  adaptation  of  well- 
known  principles  and  processes,  depends  upon  the  fact  that  pyridin 
bases  are  alkaline  toward  methyl  orange,  but  not  toward  phenolphtha- 
lein.  A  known  weight  of  dip  is  shaken  in  a  separatory  funnel  with 
ether  and  water  to  which  a  known  amount  of  sulphuric  acid  has  been 
added.  Rosin  soap  is  thus  decomposed,  and  all  bases  contained  in 
the  dip  will  pass  as  sulphates  into  the  lower  acid  aqueous  layer  which 
soon  separates.  The  latter  is  quantitatively  removed,  and,  ignoring 
acid  salts  for  the  sake  of  simplicity,  will  contain  the  substances — 

(a)  (b)  (c) 

Stage  I.  Na,SO^.  II„S(),.  (C,n,N),H,SO,. 

If  methyl  orange  is  now  added  and  the  sohition  titrated  to  neu- 
trality with  standard  caustic  soda  the  result  will  be — 

(a)  (b)  (c) 

Stage  IL  Na^SO,.  Na^SO,.  (C,H,N)  JLSO,. 

If  next  phenolphthalein  is  added  and  titration  with  standard 
caustic  soda  continued  until  the  solution  is  neutral  to  that  indicator, 
the  final  condition  of  the  solution  will  be — 

(a)  (b)  (c) 

Stage  III.  Na,SO,.  Na.SO,.  Na,SO,.  CJI^N. 

Obviously  the  amount  of  caustic  soda  required  to  change  the  solu- 
tion from  Stage  II  to  Stage  III  will  be  a  measure  of  the  amount  of 
pyridin  present,  while  if  the  amount  of  caustic  soda  added  in  the 
whole  titration  is  subtracted  from  the  equivalent  in  soda  of  the 
sulphuric  acid  originally  introduced  the  remainder  will  equal  the 
amount  of  soda  in  the  dip.  Briefly,  the  amount  of  soda  equivalent  to 
H2SO4  (c)  measures  pyridin;  soda  equivalent  to  II2SO4  [(a-f-b+c) — 
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(b+c)  1  is  the  soda  of  the  dip.    The  process  is  executed  in  the  follo\%'- 
ing  manner : 

Ten  grams  of  dip  is  weighed  into  a  200  c.  c.  short-stemmed  separat- 
ing fimnel,  50  c.  c.  ether  added,  exactly  30  c.  c.  of  N/2H2SO4  run 
in  from  a  burette  and  the  funnel  shaken.  The  lower  aqueous  layer, 
which  now  contains  the  bases,  is  drawn  off  completely,  together  with 
any  insoluble  carbonaceous  matter  which  may  appear  at  the  junction 
of  the  two  layers.  No  harm  is  done  if  a  small  amount  of  the  ethereal 
layer  accompanies  the  insoluble  matter  in  the  separation.  The 
ethereal  solution  remaining  in  the  funnel  is  next  washed  four  times 
with  water,  using  about  20  c.  c.  each  time.  In  the  first  of  these  wash- 
ings the  funnel  should  not  be  shaken,  but  the  water  should  be  drawn 
off  at  once,  the  object  being  to  wash  out  the  stem  of  the  funnel  and  so 
avoid  loss  of  a  little  acid  therein  contained. 

All  the  aqueous  extracts  are  united  and  heated  on  the  steam  bath 
for  expulsion  of  ether.  The  liquid  is  then  passed  through  a  wet  filter 
into  a  300  c.  c.  flask,  the  filter  washed  with  hot  water,  the  flask  cooled, 
filled  to  the  mark,  and  the  contents  exactly  divided  between  two  uni- 
form titrating  flasks  of  about  300  c.  c.  capacity.  To  one  of  these 
portions  add  methyl  orange,  then  y/2  XaOH  till  the  red  tint  just 
disappears,  as  nearly  as  can  be  determined  by  comparison  with  the 
second  portion.  Then  add  one-tenth  or  two-tenths  of  a  cubic  centime- 
ter more  of  N/2  NaOH  to  make  sure  that  neutrality  has  been  reached, 
though  much  excess  must  he  avoided,  else  the  separation  of  higher 
pyridin  bases  will  render  the  solution  turbid. 

This  first  titration  is  not  quantitative,  but  merely  to  afford  a 
standard  of  comparison,  by  the  aid  of  which  the  second  portion  is 
quantitatively  titrated  to  exact  neutrality,  after  the  addition  of  an 
equal  amount  of  methyl  orange.  The  number  of  cubic  centimeters  of 
N/2  NaOH  used  is  noted,  phenolphthalein  added,  and  the  titration 
continued  to  the  end  point  of  that  indicator.  To  obtain  the  per  cent 
of  Na^jO  in  the  dip,  subtract  the  total  number  of  cubic  centimeters 
of  N/2  NaOH  used  in  the  whole  titration  of  the  second  portion  from 
15,  and  multiply  the  remainder  by  0.31.  To  obtain  the  per  cent  of 
volatile  bases  reckoned  as  pyridin,  multiply  the  number  of  cubic 
centimeters  of  N/2  NaOH  used  between  the  end  points  of  methyl 
orange  and  phenolphthalein  by  0.79.  The  only  difficulty  in  the 
method  is  the  determination  of  the  point  of  neutrality  toward  methyl 
orange,  but  a  proper  use  of  the  standard  of  comparison  will  satis- 
factorily overcome  this.** 

«  Recent  work  has  indicated  tliat  tlie  coloring  matters  wlilcli  tend  to  interfere 
wltli  the  accurate  observation  of  the  end  point  with  methyl  orange  may  be 
almost  entirely  removed  from  the  solution  by  the  use  of  animal  charcoal. 
Powdered  animal  charcoal  is  digested  on  the  steam  bath  with  dilute  hydro- 
chloric acid  In  sufficient  quantity  to  decompose  and  dissolve  all  carbonates  and 
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Results  obtained  for  pyridin  run  between  0.05  and  0.1  per  cent 
higher  than  by  Allen's  method. 

DETERMINATION   OF   PHENOLS. 

The  regulations  of  the  Department  of  Agriculture  **  include  under 
the  designations  "  phenols,"  "  cresols,"  and  "  cresylic  acid "  those 
phenols  whose  boiling  points  range  between  185°  C.  and  250°  C. 
Benzophenol,  or  pure  carbolic  acid,  having  a  boiling  point  of  182°  C, 
is  accordingly  excluded,  the  reason  for  such  distinction  being  that 
it  is  considerably  more  toxic  in  its  effect  upon  animals  than  the 
phenols  of  higher  boiling  points.  As  a  matter  of  fact  the  compara- 
tively high  market  value  of  pure  carbolic  acid  as  a  separate  product 
renders  unlikely  the  presence  of  more  than  traces  of  it  in  such  com- 
pounds. It  is  well  known  that  the  so-called  crude  carbolic  acid  of 
commerce  consists  almost  entirely  of  higher  phenols. 

There  are  but  few  methods  for  determining  phenols  which  have 
received  at  all  extended  application.  Of  these  the  only  direct  acidi- 
metric  method,  that  of  Bader,^  is  applicable  to  benzophenol  alone, 
and  hence  is  of  no  value  in  the  present  case.  A  direct  gravimetric 
determination,  in  addition  to  its  inherent  sources  of  error,  demands 
a  complete  separation  of  hydrocarbons  from  the  phenols.  So  also 
does  any  volumetric  method  based  upon  the  reaction  between  phenols 
and  bromin  or  iodin.  This  separation  of  hydrocarbons  from  phenols, 
as  noted  under  the  description  of  the  scientific  method  of  analysis, 
is  tedious  and  uncertain,  and  is  to  be  avoided  if  in  any  way  possible. 

There  will  appear,  then,  to  be  two  methods  practically  applicable 
in  the  present  case — the  method  of  Schryver,*'  by  which  the  phenols 
are  acted  upon  in  benzol  solution  by  sodamid  and  the  evolved  am- 
monia titrated,  and  the  German  method  of  measuring  the  increase  in 

phosphates  present,  thea  washed  with  hot  water  until  the  wash  water  is  free 
from  chlorids,  and  finally  dried  and  powdered. 

In  the  course  of  an  analysis,  after  the  flask  containing  the  acid  extract  from 
the  dip  has  been  heated  upon  the  steam  bath  until  ether  has  been  completely 
expelled.  1  to  1.5  grams  of  the  purified  animal  charcoal  is  added,  and  the  flask, 
frequently  shaken,  is  left  upon  the  steam  bath  for  30  to  60  minutes.  The 
contents  are  then  flltered,  washed,  and  titrated  as  usual.  After  proper  treat- 
ment with  animal  charcoal  in  this  manner  the  solution  will  be  a  pale  green  in 
color,  possessing  none  of  the  muddy  yellow  tint  which  tends  to  obscure  the  end 
point  with  methyl  orange. 

Experiments  have  thus  far  failed  to  show  that  any  inaccuracy  is  introduced 
into  the  method  by  the  use  of  animal  charcoal  in  the  manner  described. 

«  Bureau  of  Animal  Industry  Order  143,  p.  IS. 

^Zeitschrift  ftir  Analytische  Chemie,  jahrg.  31,  p.  5S-(J0.     Wiesbaden,  1892. 

^^  Journal  of  the  Society  of  Chemical  Industry,  vol.  18,  No.  6,  p.  553-556.  Lon- 
don, June  30,  1899. 
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volume  of  a  caustic  soda  solution  when  the  phenols  are  absorbed  by  it. 
In  either  case  the  phenols  may  be  separated  from  interfering  sub- 
stances by  steam  distillation  of  the  acidified  dip.  Schryver's  method 
is  essentially  a  direct  determination  of  the  amount  of  phenol  hydroxy! 
present,  and  the  actual  weight  must  be  obtained  through  a  knowledge 
of  the  mean  molecular  weight  derived  from  other  considerations. 
The  German  method,  on  the  other  hand,  is  a  measure  of  the  volume 
of  the  phenols  when  in  solution  under  certain  conditions,  and  the  cor- 
responding weight  can  be  obtained  only  by  the  employment  of  an  em- 
pirical factor  or  coefficient  found  to  hold  true  for  that  particular 
kind  of  phenol  under  those  particular  conditions.  Since  in  both 
methods  a  certain  factor  must  be  somewhat  arbitrarily  adopted  by 
which  the  numbers  directly  obtained  are  to  be  multiplied  in  order  to 
obtain  the  weight  of  phenols  present,  and  since  the  possible  error 
thereby  involved  appears  of  about  the  same  magnitude  in  both,  that 
one  will  naturally  be  chosen  which  is  easiest  of  execution,  In  which 
respect  Schrj'ver's  method  is  at  a  decided  disadvantage. 

The  methods  of  procedure  which  considerable  experimental  work 
has  shown  to  be  satisfactory  is  as  follows: 

Fifty  grams  of  dip  is  weighed  into  a  500  c.  c.  round-bottomed  flask, 
20  c.  c.  of  1 : 3  H2SO4  is  added,  and  the  phenols  are  distilled  off  with 
steam.  The  flask  will  require  no  heating  if  a  rapid  current  of  steam 
is  passed  into  it,  but  may  with  advantage  be  packed  in  cotton  or  felt 
Obviously  the  apparatus  must  be  so  set  up  and  the  distillation  so 
conducted  that  particles  of  rosin  may  not  be  mechanically  carried 
over  by  the  current  of  steam.  Toward  the  end  of  the  distillation 
any  naphthalene  in  the  condenser  is  melted  out  b}^  shutting  off  the 
water  for  a  few  minutes,  or  if  separated  earlier  in  sufficient  quantity 
to  threaten  stoppage  of  the  condenser  tube,  distillation  is  interrupted 
while  hot  water  is  run  through  the  condenser.  The  distillate  is  re- 
ceived in  a  liter  flask  approximately  marked  for  each  100  c.  c.  capacity 
and  joined  to  the  condenser  by  a  cork  which  is  pierced  by  a  small 
glass  tube  connected  to  a  small  U  tube  containing  a  little  dilute 
caustic  soda.  The  latter  acts  as  a  trap  to  prevent  any  loss  of  the  dis- 
tilled phenols.  Distillation  is  continued  until  1  or  2  c.  c.  collected  in 
a  test  tube  gives  no  reaction  with  any  appropriate  reagent  for  phe- 
nols, such  as  ferric  chlorid.  A  volume  of  800  c.  c.  is  ample  in  nearly 
all  cases. 

A  supply  of  benzol  should  be  prepared  by  shaking  a  good  grade  of 
benzol  with  dilute  sulphuric  acid,  then  with  dilute  caustic  soda  two 
or  three  times,  and  then  passing  through  a  dry  filter.  A  small  wash 
bottle  containing  some  of  this  l^enzol  will  be  found  very  useful  for 
rinsing  the  necks  of  separatory  funnels,  etc.  Of  this  purified  benzol 
150  c.  c.   is  measured   out  conveniently  at  hand,  the  contents  of 
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the  U  tube  and  5  c.  c.  of  1:1  H^SO^  are  added  to  the  distillate, 
and  the  latter  is  shaken  up  and  poured  into  a  separatory  funnel  of 
1,500  c.  c.  capacity,  the  flask  being  rinsed  out  with  successive  portions 
of  the  150  c.  c.  benzol.  When  all  is  in  the  funnel  25  grams  of  clean 
sodium  chlorid  is  added  for  each  100  c.  c.  of  distillate,  and  the  funnel 
is  well  shaken  for  five  minutes  and  left  at  rest  one-half  hour.  The 
aqueous  layer  is  then  run  off  slowly  and  completely,  the  funnel  being 
allowed  to  stand  until  there  is  no  further  separation.  The  benzol 
solution  of  phenols  and  hydrocarbons  is  transferred  to  a  500  c.  c. 
Erlenmeyer  flask,  while  the  aqueous  portion  is  poured  back  into  the 
separating  funnel  and  extracted  twice  more  in  the  same  way,  100  c.  c. 
of  benzol  being  used  each  time.  The  funnel  should  always  be  gently 
handled  after  the  aqueous  portion  has  been  drawn  off,  to  prevent  any 
impurities  from  the  sodium  chlorid  which  have  deposited  upon  its 
sides  from  becoming  mixed  with  the  benzol  solution.  The  three  ben- 
zol extracts  are  united  in  the  Erlenmeyer  flask,  15  c.  c.  of  pure  caustic 
soda  solution,  1 : 2,  is  added,  and  the  contents  of  the  flask  are  subjected 
to  a  rotatory  motion  for  some  time  in  order  that  the  phenols  may  be 
taken  up  by  the  caustic  soda  as  completely  as  possible. 

After  the  addition  of  a  few  grains  of  sand  the  flask  is  immersed  in 
a  water  bath,  connected  to  a  condenser,  and  all  but  10  to  50  c.  c.  of  the 
benzol  distilled  off.  With  the  aid  of  a  wash  bottle  containing  water 
and  provided  with  a  fine  jet,  only  a  small  portion  of  water  being  used 
at  a  time,  the  contents  of  the  flask  are  next  carefully  washed  into  a 
150  c.  c.  separatory  funnel.  With  proper  manipulation  the  flask 
should  be  completely  washed  when  the  volume  of  aqueous  portion  in 
the  separatory  funnel  amounts  to  not  more  than  50  c.  c.  Ten  cubic 
centimeters  of  strong  sulphuric  acid  (100  c.  c.  pure  concentrated 
H2SO4  to  120  c.  c.  water)  is  next  slowly  introduced  with  gentle  rota- 
tion of  the  funnel,  the  addition  of  acid  being  interrupted  and  the 
funnel  cooled  whenever  it  becomes  unpleasantly  warm  to  the  hand. 
Two  or  three  drops  of  methyl  orange  are  now  added ;  and  if  on  mix- 
ing the  contents  of  the  funnel  the  lower  layer  does  not  acquire  a  pink 
color,  the  addition  of  acid  is  continued  until  acidity  is  assured.  Suffi- 
cient benzol  is  then  added  to  make  the  two  layers  in  the  funnel  ap- 
proximately equal  in  volume,  the  funnel  is  thoroughly  shaken  and, 
with  loosened  stopper,  left  at  rest  for  two  hours.  After  that  time 
the  aqueous  layer  is  slowly  and  completely  run  out,  the  analyst  mak- 
ing sure  that  on  longer  standing  no  more  will  drain  down  from  the 
sides  of  the  funnel.  The  benzol  solution  of  phenols  is  then  ready  to  be 
transferred  to  the  measuring  tube. 

The  measuring  tube  consists  of  a  glass-stoppered  pear-shaped  bulb 
of  about  100  c.  c.  capacity,  joined  at  its  tapering  end  to  a  tube  about 
1  foot  long  and  of  a  capacity  of  25  to  30  c.  c.     This  tube  is  accurately 


Digitized  by  V3OOQ IC 


16 


ANALYSIS   OF  COAL-TAR  SHEEP  DIPS. 


graduated  to  contain  25  c.  c.  at  20°  C.  in  divisions  of  one-tenth  c.  c, 

(See  fig.  1.) 

The  apparatus  is  cleaned  thoroughly  with 
soap  powder  and  hot  water,  and  dried,  best 
spontaneously,  though  alcohol  and  ether  may 
be  used  if  pure.  Perfect  cleanliness  is  essen- 
tial to  insure  a  properly  shaped  meniscus. 
Between  15  and  16  c.  c.  of  caustic  soda  solu- 
tion, 1:3,  is  brought  into  the  tube  with  a 
pipette.  The  caustic  soda  should  not  be  al- 
lowed to  come  in  contact  with  the  interior 
of  the  bulb  or  the  upper  part  of  the  tube. 
After  a  few  moments  about  1  c.  c.  of  benzol 
is  added,  and  after  waiting  a  little  the 
height  to  the  top  of  the  now  almost  flat 
meniscus  is  noted.  The  benzol  solution  of 
phenols  is  next  transferred  from  the  separa- 
tory  funnel  to  the  tube,  care  being  used  to 
avoid  mixing  with  the  soda;  the  separatoiy 
funnel  is  washed  out  with  a  little  benzol, 
which  is  also  transferred  to  the  tube,  and 
the  height  of  the  meniscus  is  again  noted. 
The  latter  may  often  be  obtained  more  accu- 
rately at  this  point.  The  tube  is  then  stof>- 
pered,  vigorously  shaken  for  three  minutes, 
and  set  aside  for  at  least  three  hours.  An  oc- 
casional rapid  rotation  of  the  tube  between 
the  palms  of  the  hands  will  insure  a  com- 
plete separation  of  the  layers.  Each  cubic 
centimeter  increase  in  volume  of  the  caustic 
soda  solution  may  be  taken  to  represent  one 
gram  of  phenols.  All  readings  of  the  tube 
should  be  taken  at  the  top  of  the  meniscus 
and  at  a  temperature  as  near  20°  C.  as  prac- 
ticable. 

This  method  of  treating  the  distilled  phe- 
nols is  essentially  that  of  Spalteholz,® 
though  the  details  of  its  execution  were  not 
imparted  in  the  original  communication  and 
had  to  be  worked  •  out  independently.  A 
discussion  of  the  reasons  for  the  different 
steps  of  the  foregoing  process  will  be  entered 
into  in  a  later  section  which  deals  with  the 
experimental  work  done  (see  page  27). 
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Fig.  1.— Tube  for  measuring 
phenols. 


«  Cbemiker-Zeitung,  jaUrg.  22,  no.  S,  pp.  58-^50,  COtheu.  Jan.  26,  1898. 
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From  certain  experiments  it  seems  possible  that  a  continuous  ex- 
traction apparatus  may  be  successfully  employed  to  extract  phenols 
from  the  aqueous  distillate  of  the  dip,  using  benzol  as  the  solvent, 
and  introducing  caustic  soda  solution  into  the  distillation  flask  of  the 
apparatus  at  the  beginning  of  the  operation  to  retain  the  extracted 
phenols.  Allien  the  extraction  is  completed  the  small  flask  of  the  ap- 
paratus will  contain  all  the  phenols,  dissolved  in  a  limited  amount  of 
caustic  soda  solution  and  overlaid  by  about  50  c.  c.  of  benzol.  The 
contents  of  the  flask  may  then  be  brought  readily  and  completely  into 
a  separatory  funnel  and  acidified  in  the  usual  manner.  Certain  exi- 
gencies of  the  work  in  this  laboratory  have  rendered  somewhat  incon- 
venient at  the  present  time  a  practical  test  of  this  method  of  pro- 
cedure in  the  routine  examination  of  dips  submitted  for  analysis. 

DETERMINATION    OF    ROSIN    ACIDS. 

Resins  in  general  have  been  shown  to  contain  at  least  three  differ- 
ent classes  of  bodies:"  (1)  resin  acids  or  anhydrids,  (2)  esters  of 
these  or  similar  acids,  (3)  indifferent  neutral  bodies,  perhaps  hydro- 
carbons. Common  rosin,  or  colophony,  contains,  according  to  Allen,* 
between  83.4  and  93.8  i>er  cent  of  free  rosin  acids  or  anhydrids.  The 
remaining  6  to  17  per  cent  consists  of  neutral  bodies,  soluble  in  ether 
and  not  extracted  from  ethereal  solution  by  aqueous  caustic  soda,  and 
accordingly  there  would  seem  to  be  no  practicable  means  of  distin- 
guishing and  separating  them  from  the  coal-tar  hydrocarbons  of  the 
dip.  Apparently,  then,  the  analyst  must  be  content  with  a  determina- 
tion of  the  amount  of  rosin  acids  present,  which  will  represent  about 
nine-tenths  of  the  amount  of  rosin  actually  used  in  manufacturing  the 
dip.    Either  a  gravimetric  or  a  volumetric  method  may  be  employed. 

Owing  to  the  degree  of  uncertainty  attached  to  the  exact  combining 
equivalent  of  the  rosin  acids  in  each  particular  dip,  the  gravimetric 
method  has  an  indubitable  advantage  in  point  of  accuracy  when 
properly  carried  out.  But  as  a  matter  of  fact  the  combining  equiva- 
lents of  a  considerable  number  of  rosin  acids  obtained  from  different 
dips  in  the  gravimetric  way  in  the  course  of  analysis  have  been  found 
to  vary  very  little,  not  enough  in  any  case  to  cause  a  possible  error  of 
half  a  per  cent  in  the  analysis  of  a  dip  of  ordinary  constitution. 
Moreover,  in  view  of  the  difficulty  of  completely  separating  hydro- 
carbons from  rosin  acids,  as  is  necessary  in  the  gravimetric  method, 
it  is  probable  that  the  ordinary  analyst  without  considerable  practice 
in  this  particular  operation  will  obtain  quite  as  accurate  results  by 
the   volumetric  method   as   by   the   gravimetric.     Accordingly   the 

"AUen,  A.  H.,  Commercial  Organic  Analysis,  3d  ed.  rev.,  Vol.  II,  Ft.  Ill,  p. 
141.     1907. 
Md.,  p.  160. 
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volumetric  method  would  seem  to  recommend  itself  for  use  in  ordi- 
nary routine  work  on  account  of  its  greater  rapidity,  simplicity,  and 
probable  equal  accuracy  under  ordinary  conditions,  while  the  gravi- 
metric method  may  be  reserved  for  dips  extremely  high  in  rosin  or  for 
a  confirmatory  method  in  special  cases. 

For  the  determination  of  rosin  acids  by  either  method  it  is  most 
advantageous  to  make  use  of  the  residue  left  in  the  distillation  flask 
after  the  determination  of  phenols.  From  this  residue  all  phenols 
and  a  large  part  of  the  hydrocarbons  have  been  removed,  hence  the 
necessary  extraction  by  ether  is  expedited.  After  cooling,  the  aque- 
ous portion  of  the  contents  of  the  flask  is  poured  into  a  separatory 
funnel,  with  as  little  rosin  as  possible,  and  extracted  with  ether. 
The  aqueous  portion  is  run  off  and  discarded,  the  residue  in  the  flask 
is  completely  dissolved  and  brought  into  the  funnel  with  ether,  40 
to  50  c.  c.  of  water  is  added,  and  the  funnel  well  shaken.  The  pres- 
ence of  insoluble  carbonaceous  matter  will  usually  cause  a  persistent 
emulsion  at  the  junction  of  the  two  layers,  which  may,  in  fact,  en- 
tirely fill  the  lower  part  of  the  funnel. 

This  is  wholly  run  off  into  a  300  c.  c.  Erlenmeyer  flask  and  the 
ethereal  solution  well  shaken  again  with  successive  portions  of  water, 
the  water  being  run  off  each  time  to  the  clear  ethereal  solution,  until 
the  carbonaceous  matter  is  wholly  removed  and  separation  takes 
place  in  the  funnel  quickly  and  cleanly.  These  wash  waters  are  all 
received  ip  the  flask  containing  the  first  separated  emulsion,  and 
this  is  heated  upon  the  steam  bath  until  ether  is  expelled.  The  con- 
tents are  then  brought  more  or  less  completely  upon  a  wet  filter  and 
washed  with  hot  water.     At  this  point  the  methods  diverge. 

Gravimetric  method, — In  case  the  gravimetric  method  is  to  be 
employed,  after  a  brief  washing  of  the  insoluble  carbonaceous  residue 
with  hot  water  both  flask  and  filter  are  well  drained.  Both  are  then 
washed,  first  with  a  little  absolute  alcohol  to  remove  water,  then  thor- 
oughly with  ether  until  all  rosin  is  dissolved  and  the  filtrate  comes 
through  colorless. 

The  united  ethereal  solution  of  hydrocarbons  and  rosin  is  now 
thoroughly  shaken  with  about  40  c.  c.  of  15  per  cent  caustic  soda. 
On  separation  there  will  be  three  layers.  The  lowest  one  usually 
contains  very  little  rosin  soap,  and  consequently  holds  but  a  small 
amount  of  hydrocarbons.  It  is  best  run  off  and  washed  separately 
with  ether.  One  washing  will  usually  free  it  completely  from 
hydrocarbons. 

After  the  first  layer  has  been  thus  removed,  about  50  c.  c.  of  water 
is  added  to  the  funnel  and  the  latter  is  well  shaken.  The  lower  layer 
of  rosin  soap  is  run  off  and  followed  by  5  to  10  c.  c.  of  water  without 
shaking,  the  funnel  being  given  only  a  gentle  rotatory  motion.  The 
remaining  ether  solution  of  hydrocarbons  is  washed  twice  with  20 
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to  25  c.  c.  of  about  4  per  cent  caustic  soda  solution,  each  washing 
being  followed  by  a  little  water  as  before  described.  These  two 
washings  with  dilute  caustic  soda  are  kept  apart  and  not  added  to 
the  main  solution  of  rosin  soap. 

The  main  solution  of  rosin  soap  is  now  washed  in  a  separatory  fun- 
nel with  successive  portions  of  ether,  followed  through  each  time  by 
5  c.  c.  of  water,  as  at  first,  until  the  ether  is  left  nearly  colorless.  The 
ether  extracts  are  shaken  through  in  their  order  with  the  two  wash- 
ings of  dilute  caustic  soda  already  used,  and  a  third  if  needed,  each 
being  followed  with  a  few  cubic  centimeters  of  water. 

All  the  aqueous  extracts  are  united  in  a  porcelain  dish  or  casserole, 
which  should  be  not  more  than  half  filled  by  them,  and  are  evapo- 
rated on  the  steam  bath  until  ether  is  dissipated  and  the  volume  re- 
duced to  a  convenient  amount.  The  contents  of  the  dish  are  then 
transferred  to  a  separatory  funnel  with  the  aid  of  a  spatula  and  hot 
water;  strong  sulphuric  acid  is  added  to  decompose  all  rosin  soap, 
and  after  complete  cooling  the  rosin  acids  are  extracted!  by  ether  and 
washed  with  water  till  free  from  sulphuric  acid.  The  ethereal  solu- 
tion is  brought  into  a  weighed  Erlenmeyer  flask  with  a  few  grains  of 
i>and,  the  ether  is  distilled  off,  and  the  flask  is  heated  in  au  oven  at 
110°  C.  until  the  absence  of  frothing  on  rotation  shows  elimination 
of  water;  it  is  then  cooled  and  weighed. 

Volumetric  method, — As  already  noted,  the  volumetric  method 
proceeds  identically  with  the  gravimetric  to  the  point  where  carbona- 
ceous matter  is  brought  upon  the  filter  and  washed  with  hot  water. 
The  washing  in  this  case  must  be  continued  until  the  wash  water 
comes  through  entirely  free  from  acid  reaction.  The  main  ethereal 
solution  has  meanwhile  been  brought  into  a  flask  and  the  ether  dis- 
tilled off.  The  filter  funnel  is  set  in  the  neck  of  this  flask,  and  the 
carbonaceous  matter  is  washed  with  hot  alcohol  previously  rendered 
neutral  to  phenolphthalein,  until  freed  from  rosin.  The  alcoholic 
solution  of  rosin  is  brought  into  a  graduated  flask,  and  an  aliquot 
part,  usually  one-fourth,  taken  for  titration  with  half-normal  caustic 
soda.  The  titration  is  conveniently  carried  out  in  a  200  c.  c.  Erlen- 
meyer flask  in  a  volume  of  100  to  125  c.  c,  the  portion  taken  being 
diluted  with  neutralized  alcohol  to  that  amount. 

Owing  to  the  very  dark  color  of  the  liquid  an  external  indicator  is 
necessary.  For  this  purpose  alkali  blue  is  best  adapted.  A  few  drops 
of  a  strong  alcoholic  stock  solution  are  added  to  25  or  30  c.  c.  of 
alcohol,  which  is  then  carefully  neutralized  with  tenth-normal  caustic 
soda.  Enough  alkali  blue  should  be  added  to  produce  a  deep  color, 
almost  a  cherry,  when  neutralized,  with  no  trace  of  violet.  This 
dilute  indicator  should  be  freshly  prepared.  A  supply  of  small  test 
tubes  8  to  10  millimeters  in  diameter  and  60  to  80  millimeters  long 
should  be  at  hand,  cleaned  and  dried.    When  a  test  of  the  progress 
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of  the  titration  is  to  be  made  about  ^  c.  c.  of  prepared  indicator  is 
poured  into  one  of  these  test  tubes,  and  to  this  is  added  a  drop  of  the 
liquid  under  titration.  If  a  violet  color  appears,  the  solution  still 
contains  free  rosin  acid,  and  more  N/2  XaOH  must  be  added  and  the 
solution  again  tested  with  a  fresh  tube  of  indicator.  If  the  indicator 
does  not  show  a  violet  color  upon  the  addition  of  one  drop  of  the 
liquid  under  titration,  addition  of  the  latter  is  continued  drop  by 
drop  until  an  amount  has  been  added  approximately  equal  in  volume 
to  the  amount  of  indicator  originally  in  the  tube,  i.  e.,  ^  c.  c.  The 
continued  absence  of  a  violet  color  after  the  addition  of  this  amount 
indicates  that  the  solution  is  either  neutral  or  alkaline.  The  end  of 
the  titration  then  is  reached  whjen  a  greenish  or  violet  tint  just  fails 
to  appear.  A  fresh  tube  of  indicator  must  be  used  for  each  test.  It 
is  best  to  proceed  by  running  in  12  to  15  c.  c.  of  half-normal  caustic 
soda  at  once,  testing  and  continuing  addition  if  necessary,  a  cubic 
centimeter  at  a  time,  until  the  indicator  shows  alkalinity,  then  run- 
ning back  with  half-normal  hydrochloric  acid,  using  perhaps  0.4  c.  c. 
at  a  time  till  acidity  is  shown,  and  now  working  carefully  with  half- 
normal  caustic  soda  to  exact  neutrality.  One  cubic  centimeter  of 
half-normal  caustic  soda  is  considered  to  be  equivalent  to  0.162  gram 
of  rosin  acids. 

Phenolphthalein  may  also  be  used  as  an  indicator  in  a  similar  way, 
by  preparing  an  alcoholic  solution  of  quite  a  deep  rose  tint.  The 
end  point  of  the  titration  will  then  be  reached  when  the  indicator, 
used  in  the  same  way  as  alkali  blue,  is  no  longer  bleached  by  the  addi- 
tion of  the  liquid  under  titration.  The  color  change  is  not  so  marked 
-  as  in  the  case  of  alkali  blue,  and  consequently  the  end  point  is  not  so 
sharp,  though  almost  equally  good  results  may  be  obtained  with  a 
little  care  and  practice. 

All  alcoholic  solutions  should  be  kept  from  contact  with  air  as  far 
as  possible  to  prevent  absorption  of  carbon  dioxid. 

DETERMINATION   OF   OCCASIONAL    INGREDIENTS. 

Light  oils. — The  presence  of  light  oils  will  usiuiUy  be  indicated  by 
the  relative  proportions  of  oil  and  water  which  come  over  in  the  early 
stages  of  the  process  of  distilling  the  dip  for  the  determination  of 
water.  The  odor  of  the  distillate  should  be  noted  at  this  point,  to 
identify  if  possible  the  nature  of  the  light  oils  present.  If  more 
information  is  desired,  about  150  grams  of  dip  is  thoroughly  shaken 
with  20  to  25  c.  c.  of  1 : 3  sulphuric  acid,  allowed  some  hours  to  sepa- 
rate,  and  a  weight  of  oils,  etc.,  equivalent  to  100  grams  of  dip — i.  e.,  a 
weight  in  grams  equal  to  the  sum  of  the  percentages  of  hydrocarbons, 
phenols,  and  rosin — is  distilled  from  an  Engel  flask  fitted  with  a 
thermometer  until  the  temperature  reaches  180°  C.  The  distillate 
is  measured  and  further  examined  in  any  way  desired. 
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Naphthalene, — ^Too  large  a  proportion  of  naphthalene  or  other  solid 
hydrocarbons  is  undesirable  on  account  of  the  liability  of  these  bodies 
to  separate  from  the  dip  in  freezing  weather  and  remain  for  a  long 
time  as  an  undissolved  sediment.  For  an  approximate  determination 
of  the  amount  of  solid  hydrocarbons  present  50  grams  of  dip  is  acidi- 
fied with  a  little  concentrated  hydrochloric  acid,  100  c.  c.  alcohol  added, 
and  the  containing  vesvsel  immersed  in  a  freezing  mixture  for  two 
hours,  with  occasional  stirring.  The  separated  hydrocarbons  are 
then  filtered  off  on  a  Buchner  funnel  or  plate,  washed  somewhat  with 
chilled  alcohol,  well  drained,  and  pressed  out  in  a  letterpress  between 
several  thicknesses  of  filter  paper.  The  mass  may  then  be  weighed 
and  subjected  to  any  further  examination  desired.  A  more  practi- 
cal test  is  to  subject  a  portion  of  the  dip  itself  to  a  temperature  of 
0°  C.  for  about  three  hours,  with  occasional  shaking  or  stirring.  It 
should  remain  perfectly  clear  and  liquid  and  show  no  separation  of 
solid  matter. 

Foreign  oils  and  creosotes. — By  the  regulations  of  the  Secretary  of 
Agriculture**  the  degree  of  dilution  which  may  be  accorded  to  a 
coal-tar  creosote  dip  is  explicitly  made  to  depend  upon  the  percent- 
ages of  coal-tar  oils  and  cresylic  acid  contained  in  the  dip.  Accord- 
ingly in  the  standardization  of  dips  for  official  use,  within  the  scope 
of  the  regulations,  petroleum  oil,  rosin  oil,  or  creosotes  of  other  origin 
than  coal-tar  must  be  regarded  as  extraneous  substances.  Investiga- 
tions are  now  in  progress  to  find  satisfactory  methods  for  detecting 
and  estimating  these  substances  when  present  in  dips.  At  the  present 
time,  however,  this  line  of  work  has  not  reached  a  point  of  develop- 
ment which  warrants  the  publication  of  *any  results. 

CBESTLIG  ACID  DIPS. 

Cresylic  acid  or  cresol  dips  in  composition  approximate  more  or  less 
closely  the  "  liquor  cresolis  compositus  "  of  the  United  States  Pharma- 
copoeia, eighth  revision,  1905,  being  made  from  a  potash-linseed  oil 
.soap  and  cresylic  acid  comparatively  free  from  hydrocarbons.  A 
properly  prepared  dip  of  this  character  should  upon  dilution  in  100 
parts  of  distilled  water  yield  a  practically  water-clear  solution,  show- 
ing absence  of  any  notable  amount  of  hydrocarbons  or  unsaponified 
oil.  On  dilution,  however,  with  hard  water  there  will  naturally  be 
some  turbidity,  caused  by  the  precipitation  of  soap.  A  portion  of  the 
dip  when  treated  with  successive  small  portions  of  water  should  show 
itself  miscible  in  all  proportions.  At  no  stage  should  there  be  any 
notable  turbidity  or  separation  of  heavy  oily  globules  of  cresylic  acid 
due  to  absence  of  sufficient  soap. 

«  Bureau  of  Animal  Industry  Order  143,  p.  18. 


Digitized  by  V3OOQ IC 


22  ANALYSTS  OF  COAL-TAR  SHEEP  DIPS. 

METHODS  OP  ANALYSIS  ADOPTED  BY  THE  BUKEAp. 

The  methods  of  analysis  adopted  are  essentially  the  same  as  for 
coal-tar  creosote  dips,  modified  in  details  to  suit  the  somewhat  dif- 
ferent composition  of  the  substances. 

DETBBMINATION   OF   WATER. 

The  distillate  must  always  be  received  in  a  stoppered  cylinder  and 
treated  with  benzol  and  sodium  chlorid  solution  as  described.  The 
results  will  be  about  0.5  per  cent  too  low.  The  addition  of  toluene  or 
a  similar  hydrocarbon  to  the  dip  before  distillation  might  possibly 
improve  the  results. 

DETERMINATION    OF   POTASH    (OB   SODA)    AND   FYBIDIN. 

A  preliminary  test  is  here  necessary  to  determine  whether  potash  or 
soda  is  the  alkali  present.  The  test  may  be  conveniently  made  by 
shaking  about  10  grams  of  dip  with  ether  and  a  little  dilute  hydro- 
chloric acid,  drawing  off  the  aqueous  layer,  and  applying  the  flame 
test  with  a  platinum  wire,  supplementing  this  with  any  other  con- 
firmatory test  necessary  or  desirable.  If  potash  is  found  to  be  the 
alkali  present  the  factor  0.471  must  be  used  in  place  of  the  factor  0.31 
employed  in  the  case  of  soda. 

DETERMINATION  OF  PHENOLS. 

Since  the  percentage  of  phenols  Yrill  here  be  much  higher  than  in 
coal-tar  creosote  dips,  a  smaller  amount  of  dip  must  be  taken  for 
analysis,  usually  15  to  20  grams.  The  amount  should  be  as  large  as 
possible,  in  order  that  the  greatest  quantity  of  phenols  within  the 
capacity  of  the  tube  may  be  brought  to  measurement.  A  new  oppor- 
tunity for  error  is  here  afforded.  Linseed  oil  possesses  a  low  Reichert- 
Meissl  number,  00  to  1.43.«  This  means  that  a  small  amount  of  vola- 
tile fatty  acid  will  accompany  the  phenols  through  the  stages  of  the 
process  and  tend  to  cause  too  high  results.  To  determine  the  possi- 
ble amount  of  this  error  25  grams  of  linseed  oil  was  saponified,  then 
acidified,  and  distilled  with  steam  until  800  c.  c.  had  been  collected. 
The  distillate  was  treated  by  the  regular  method  and  an  increase  in 
volume  between  0.02  and  0.07  c.  c.  observed.  In  view  of  the  fact  that 
this  quantity  of  soap  is  four  or  five  times  as  much  as  would  be  present 
in  an  ordinaiy  analysis,  the  error  which  is  likely  to  arise  from  this 
source  would  appear  negligible. 

DETERMINATION   OF   ROSIN   OR  FATTY   ACIDS. 

The  odor  of  the  dip  itself,  and  more  especially  the  character  of  the 
residue  left  in  the  flask  after  the  distillation  of  phenols,  will  inform 

«  Hopkins's  on  Chemists'  Hapdbook,  page  38. 
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the  analyst  whether  rosin  or  fatty  acids  are  to  be  determined.  Rosin 
will  collect  in  a  solid,  hard  button  at  the  bottom,  while  fatty  acids 
will  form  a  liquid  oily  layer  floating  upon  the  surface  of  the  aqueous 
contents.  In  either  case  the  whole  is  extracted  with  ether,  washed 
with  water,  and,  after  evaporation  of  ether,  dissolved  in  neutralized 
alcohol  and  titrated  with  half-normal  caustic  soda.  One  cubic  cen- 
timeter of  half -normal  soda  will  represent  0.138  gram  fatty  acid 
anhydrids®  and  0.015344  gram  glycerin.  Cresol  dips  containing 
rosin  soap  are  not  at  present  permitted  in  official  dipping. 

Such  a  detailed  analysis  of  a  cresol  dip  would  appear,  however, 
seldom  necessary.  Phenols  must  of  course  be  determined  as  accu- 
rately as  possible.  An  examination  of  the  odor  and  appearance  of 
the  residue  left  in  the  flask  after  distillation  of  phenols  will  indicate 
the  character  of  the  soap  emploj^ed.  If,  then,  the  behavior  of  the  dip 
upon  dilution  is  satisfactory  (page  21)  and  indicates  the  presence  of 
sufficient  soap,  the  only  remaining  question  is  whether  there  may  be 
an  unnecessary  and  possibly  harmful  amount  of  alkali  present.  In 
the  presence  of  the  large  amount  of  cresylic  acid  contained  in  these 
dips  there  can  be,  strictly  speaking,  no  "  free  alkali."  The  ideal 
cresol  dip  will,  however,  unquestionably  contain  no  alkali  above  that 
necessary  to  obtain  complete  saponification  of  the  linseed  oil.  An 
excess  of  alkali  can  be  of  no  possible  benefit  and  might  conceivably  be 
undesirable  for  several  reasons.  A  useful  test  for  the  presence  of 
such  an  excess  of  alkali  is  that  of  Kelhofer.* 

Ten  grams  of  dip  is  thoroughly  shaken  in  a  small  separatory  funnel 
with  50  c.  c.  of  a  saturated  solution  of  XaCl.  After  complete  sepa- 
ration has  taken  place  the  lower  aqueous  layer  is  removed,  diluted 
with  an  equal  volume  of  water,  and  a  few  drops  of  phenolphthalein 
added.  If  the  dip  has  been  made  from  a  perfectly  neutral  linseed- 
oil  soap,  there  will  appear  at  most  but  a  slight  reddening  of  the  solu- 
tion, which  vanishes  upon  the  addition  of  a  drop  of  half-normal 
acid.  If  more  acid  is  required  to  remove  the  pink  color,  the  pres- 
ence of  an  excess  of  alkali  is  indicated.  The  test  can  not  be  made 
quantitative,  for  experiments  have  shown  that  only  a  part  of  the 
excess  of  alkali  actually  present  is  accounted  for  in  this  way,  the 
remainder  probably  being  thrown  up  in  the  form  of  alkali  cresylate 
into  the  upper  layer  with  the  soap.  It  would  seem,  then,  reasonable 
to  demand  that  no  dip  treated  as  described  should  require  more  than 
a  very  few  tenths  of  a  cubic  centimeter  of  half-normal  acid  to  remove 
the  pink  color  imparted  by  phenolphthalein  to  the  sodium  chlorid 
extract. 


<*  Lewkowltsch,  J.,  Chemical  Technology  and  Analysis  of  Oils,  Fats,  and 
Waxes,  3d  ed..  Vol.  I,  p.  334.    19(M. 

*  Schweizerlsche  Wochenschrift  fiir  Chemie  und  Pharmazie,  jahrg.  46,  No.  2, 
pp.  1^20.    Zurich,  Jan.  11,  1908. 


Digitized  by  V3OOQ IC 


24  ANALYSTS   OF  COAL-TAR  SHEEP  DIPS. 

Duyk  *»  proposes  a  method  for  the  determination  of  soap  in  cresol 
dips,  according  to  which  the  soap  is  separated  by  shaking  the  dip 
with  a  strong  sugar  solution.  The  latter  dissolves  all  the  soap,  which 
may  be  recovered  by  salting  out  with  NaCl,  and  purified,  if  desired, 
by  solution  in  alcohol.  The  method  has  not  been  tried  in  this 
laboratory. 

ANALYSIS  OF  COAL-TAB  OILS  AND  COMMERCIAL  CBESYLIG  ACII>. 

Obviously  it  is  impossible  for  a  manufacturer  to  produce  a  dip  of 
constant  composition  closely  adhering  to  the  standard  he  has  set  for 
himself  in  his  original  sample  submitted  to  the  Department  of  Agri- 
culture for  examination  unless  he  knows  exactly  what  goes  into  each 
lot  of  dip  his  factory  turns  out.  The  composition  of  coal-tar  oils  is 
subject  to  considerable  variation ;  consequently  it  is  absolutely  neces- 
sary for  any  manufacturer  who  wishes  to  secure  and  retain  permis- 
sion for  the  use  of  his  dip  in  official  dipping  to  have  at  his  disposal 
some  means  of  accurately  analyzing  each  lot  of  coal-tar  oils  he  re- 
ceives. He  may  then  blend  his  oils,  or  his  oils  and  cresylic  acid,  in 
such  proportions  as  always  to  preserve  uniform  the  composition  of 
his  dip. 

The  coal-tar  oils  to  l)e  used  for  dips  must  be  examined  for  water, 
pyridin  bases,  and  phenols. 

Water  will  be  determined  exactly  as  in  dips  (page  10). 

Pyridin  bases  will  be  determined  exactly  as  in  dips  (page  11),  but 
if  the  oils  are  old  and  highly  colored  it  may  prove  advantageous  to 
use  5  grams  instead  of  10. 

The  hope  was  entertained  that  phenols  in  coal-tar  oils  and  cresylic 
acid  might  be  readily  and  accurately  estimated  by  dissolving  a 
weighed  amount  in  benzol,  shaking  with  acidified  aqueous  sodium 
sulphate  to  remove  water,  and  then  shaking  the  separated  benzol 
solution  in  the  measuring  tube  with  caustic  soda;  in  short,  by  repeat- 
ing exactly  the  last  two  steps  of  the  method  employed  for  phenols  in 
dips.  In  fact,  the  latter  was  adopted  for  dips  with  considerable 
added  satisfaction  l>ecause  it  seemed  to  promise  an  easy  solution  of 
one  of  the  most  troublesome  problems  of  dip  making  by  affording 
such  a  simple  means  for  valuing  coal-tar  oils,  requiring  no  special 
technical  training  for  its  execution,  and  yet  being  a  method  strictly 
parallel  in  all  respects  to  the  method  employed  in  analyzing  the  com- 
pleted dip. 

This  hope  was  not  realized,  for  it  was  found  that  some  samples 
at  any  rate  of  creosote  oils  and  of  cresylic  acid  contain  small  amounts 
of  acid  bodies  of  some  description,  possibly  phenoloids,  possibly  of  a 
resinous  nature,  which  are  taken  up  by  caustic  soda,  increasing  its 

oAnnales  de  Chlmle  Analytique,  t.  12,  No.  9,  pp.  345^46.    Paris,  Sept.  15. 1907. 
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volume,  but  which  are  not  volatile  with  steam.  There  seems  to  be 
no- way  of  determining  these  bodies  in  the  dip,  provided  they  are 
ph«ioloids ;  hence  it  seems  necessary  to  define  cresylic  acid  within  the 
scope  of  the  regrulations  as  "  phenols  derived  from  coal  tar,  none  of 
which  boils  below  185°  C.  nor  above  250°  C,"  and  which  are  com- 
pletely volatile  with  steam  at  100°  C.  The  only  resource,  accordingly, 
is  to  handle  the  oils  and  cresylic  acid  in  exactly  the  same  way  as  the 
dips  themselves  are  handled  (page  13),  by  distillation  of  an  appro- 
priate weight  of  the  acidified  oil  in  a  current  of  steam,  with  the  sub- 
sequent extractions  and  measurement  as  described. 

As  might  be  expected,  cresylic  acid  appears  to  contain  a  smaller 
per  cent  of  these  acid  bodies  not  volatile  with  steam  than  does  creo- 
sote oil.  Very  probably  the  amount  is  subject  to  considerable  varia- 
tion in  different  samples.  Results  on  certain  samples  will  be  given 
in  the  section  on  experimental  work  (page  83). 

CALCULATION  OF  PBOPEB  DILUTION  OF  DIPS. 
COAL-TAR  CREOSOTE  DIPS. 

The  regidations  of  the  Secretary  of  Agriculture «  state  that  a 
coal-tar  creosote  dip  "  should  contain  when  diluted  ready  for  use 
not  less  than  1  per  cent  by  weight  of  coal-tar  oils  and  cresylic  acid. 
In  no  case  should  the  diluted  dip  contain  more  than  four-tenths  of 
.1  per  cent  nor  less  than  one-tenth  of  1  per  cent  of  cresylic  acid; 
but  when  the  proportion  of  cresylic  acid  falls  below  two-tenths  of 
1  per  cent  the  coal-tar  oils  should  be  increased  sufficiently  to  bring 
the  total  of  the  tar  oils  and  the  cresylic  acid  in  the  diluted  dip  up  to 
1.2  per  cent  by  weight." 

In  calculating  from  the  composition  of  a  dip  its  proper  dilution 
under  this  regulation  three  points  must  be  borne  in  mind.  First, 
the  regulations  demand  that  hydrocarbons  and  phenols  must  be 
present  in  certain  minimum  percentages  by  weight,  whereas  in  prac- 
tice a  dip  is  always  diluted  by  volume.  Second,  the  regulations 
set  two  independent  minimum  pairs  of  values  below  which  the  per- 
centages of  phenols  and  of  hydrocarbons  and  phenols  may  not  fall, 
though  they  may  rise  above  these  set  values  within  certain  limits, 
thus  allowing  a  considerable  range  in  the  possible  composition  of 
a  dip.  Third,  the  calculated  dilution  must  be  the  greatest  possible 
dilution  which  the  dip  under  consideration  can  obtain  under  the 
regulations. 

Three  steps  will  then  be  involved  in  the  calculation  of  the  dilu- 
tion of  a  coal-tar  creosote  dip.  (1)  The  selection  of  the  pair  of 
minimum  percentages  of  phenols  and  of  hydrocarbons  and  phenols 

«  Bureau  of  Animal  Industry  Order  143,  page  18. 
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most  advantageous  for  that  particular  dip;  (2)  the  calculation  of 
the  maximum  dilution  by  weight  which  a  dip  of  that  composition 
can  be  granted  under  the  section  of  the  regulation  most  advan- 
tageous to  it;  (3)  by  employment  of  the  specific  gravity  of  the  dip 
as  a  factor  to  pass  from  the  obtained  maximum  dilution  by  weight 
to  the  maximum  dilution  by  volume. 

These  data  having  been  thus  fully  set  forth,  it  hardly  seems  neces- 
sary to  enter  into  the  actual  solution  of  the  problem,  since  the  matter 
is  purely  one  of  mathematics.  It  will  be  sufficient  to  state  that  a 
mathematical  analysis  of  the  above  regulation  will  lead  to  the  fol- 
lowing four  cases  and  the  four  corresponding  rules  for  obtaining 
the  maximum  dilution  in  each  case : 

Case  /. — ^When  the  percentage  of  phenols  is  less  than  one-twelfth 
of  the  sum  of  the  percentages  of  hydrocarbons  and  phenols. 

Rule:  Multiply  the  percentage  of  phenols  by  10,  subtract  1  from 
the  product,  and  multiply  the  remainder  by  the  specific  gravity  of 
the  dip. 

The  diluted  dip  will  then  contain  0.1  per  cent  phenols  and  over  1.2 
per  cent  hydrocarbons  and  phenols. 

Case  11, — When  the  i)ercentage  of  phenols  is  between  one-twelfth 
and  one-sixth  of  the  sum  of  the  percentages  of  hydrocarbons  and 
phenols. 

.  Rule:  Divide  the  sum  of  the  percentages  of  hydrocarbons  and  phe- 
nols by  1.2,  subtract  1  from  the  quotient,  and  multiply  the  remainder 
by  the  specific  gravity  of  the  dip. 

The  diluted  dip  will  then  contain  1.2  per  cent  of  hydrocarbons  and 
phenols  and  l)etween  0.1  and  0.2  per  cent  of  phenols. 

Case  III. — When  the  percentage  of  phenols  is  between  one-sixth 
and  one-fifth  of  the  sum  of  the  percentages  of  hydrocarbons  and  phe- 
nols. 

Rule:  Multiply  the  percentage  of  phenols  by  5,  subtract  1  from 
the  product,  and  multiply  the  remainder  by  the  specific  gravity  of 
the  dip. 

The  diluted  dip  will  then  contain  0.2  per  cent  phenols  and  between 
1  and  1.2  per  cent  hydrocarbons  and  phenols. 

Case  IV. — ^^Vhen  the  percentage  of  phenols  is  between  one-fifth 
and  two-fifths  of  the  sum  of  the  percentages  of  hydrocarbons  and 
phenols. 

Rule :  Subtract  1  from  the  sum  of  the  percentages  of  hydrocarbons 
and  phenols,  and  multiply  the  remainder  by  the  specific  gravity  of 
the  dip. 

The  diluted  dip  will  then  contain  1  per  cent  hydrocarbons  and  phe- 
nols and  between  0.2  per  cent  and  0.4  i^er  cent  of  phenols. 

In  each  case  the  result  obtained  by  the  rule  is  the  number  of  parts 
by  volume  which  may  be  added  to  one  part  by  volume  of  the  dip ;  in 
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practice,  the  greatest  number  of  gallons  of  water  which  may  be  added 
to  one  gallon  of  dip. 

It  may  be  stated  that  if  the  percentage  of  phenols  is  greater  than 
two-fifths  of  the  sum  of  the  percentages  of  hydrocarbons  and  phenols, 
the  use  of  the  dip  can  not  be  permitted  under  the  regulations,  for 
when  diluted  until  it  contains  1  per  cent  of  hydrocarbons  plus  phenols, 
the  minimum  allowed,  it  will  necessarily  contain  above  0.4  per  cent  of 
phenols,  which  amount  is  set  as  the  maximum  limit. 

CRESYLIC-AC^ID  DIPS. 

The  aforementioned  regulations  state  in  regard  to  the  cresol  dip 
that  "  when  diluted  ready  for  use  this  dip  should  contain  one-half 
of  1  per  cent  of  cresylic  acid."  From  this  may  be  derived  the  rule : 
Multiply  the  percentage  of  phenols  by  2,  subtract  1  from  the  product, 
and  multiply  the  remainder  by  the  specific  gravity  of  the  dip. 

EXPEBIMENTAL  WORK  WITH  METHODS  OF  ANALYSIS. 

Much  experimental  work  was  done  in  developing  and  testing  the 
previously  described  methods  of  analysis.     A  brief  outline  of  some, 
of  this  experimental  work,  with  a  more  detailed  discussion  of  certain 
results,  may  be  of  interest. 

DETERMINATION   OF  PHENOI^. 

Particular  difficulty  was  experienced  with  phenols.  It  early  be- 
came clear  that  the  most  desirable  method  of  finally  estimating  their 
amount  would  be  by  measuring  the  increase  of  volume  shown  by  a 
solution  of  caustic  soda  when  the  phenols  in  question  were  absorbed 
by  it.  The  general  reasons  for  this  conclusion  have  already  been 
discussed.    Attention  will  now  be  paid  to  some  special  points  involved. 

I.  When  weighed  amounts  of  pure  phenols  are  shaken  in  the  meas- 

..1         1  .1  «.  •     X  weight  phenols 

uring  tube  as  described,  and  the  coefficient      volume  incS^ease  NaOH 

determined,  it  was  found  that — 

(a)  This  coefficient  is  constant  for  a  given  phenol  irrespective  of 

the  amount  measured — within  the  limits  of  the  tube — and  of  the 

presence  or  absence  of  other  coal-tar  hydrocarbons  in  addition  to 

benzol.    To  illustrate,  weighed  amounts  of  a  fairly  pure  cresylic  acid 

were-  dissolved  in  benzol  and  shaken  in  the  measuring  tube  with 

caustic  soda,  with  the  following  results: 


Weight  of 
crewl. 

Increase  In 
volume  of 

NftOH. 

Cubic  cen- 

Oramg. 

timeters. 

9. 1385 

8.66 

».'2825 

8.62 

9.6160 

8.82 

2.3893 

2.22 

2.3228 

2.19 

Coefficient: 

weight  phenols 

volume  lncrea.se  NiiOH 


(. 


1.065 
1.078 
1.079 
1.076 
1.060 
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Although  approximately  four  times  as  much  cresol  was  employed 
in  the  first  three  trials  as  in  the  last  two,  the  derived  coefficient  is 
practically  identical. 

(6)  This  coefficient  is  not  the  same  for  all  phenols,  but  varies  in 
the  same  direction  as  the  specific  gravity  of  different  phenols,  though 
in  greater  ratio,  accordingly  varying  inversely  as  the  molecular 
weights  of  the  different  phenols  and  in  approximately  equal  inverse 
ratio.  For  the  mixtures  of  phenols  ordinarily  occurring  in  commer- 
cial cresylic  acid  and  in  the  grades  of  coal-tar  creosote  oils  commonly 
used  for  making  dips,  the  average  coefficient  proved  to  be  unity  as 
nearly  as  could  be  determined. 

II.  When  weighed  amounts  of  pure  phenols  were  shaken  in  a 
separatory  funnel  with  water,  soda,  sulphuric  acid,  and  benzol  in 
the  proportions  described  in  the  analytical  method,  and  the  phenols 
then  brought  to  measurement,  the  coefficients  in  all  cases  were  found 
to  run  parallel  to  those  obtained  in  Experiment  I,  but  to  be  very 
slightly  lower;  that  is,  water  is  carried  by  the  phenols  into  benzol 
solution  in  amount  rather  more  than  enough  to  balance  the  amount 
of  phenols  retained  by  the  acid  aqueous  layer  in  the  separatory 
funnel.     No  loss  is  therefore  here  involved. 

III.  The  validity  of  the  method  of  measurement  having  been  thus 
established,  the  next  problem  was  to  concentrate  without  loss  of 
phenols  the  large  volume  of  distillate  resulting  from  the  distillation 
of  the  acidified  dip  with  steam  to  a  volume  sufficiently  small  to  be 
introduced  into  the  measuring  tube. 

(a)  The  first  attempt  was  concentration  by  evaporation  of  the 
liquid  after  rendering  it  strongly  alkaline.  Weighed  amounts  of 
phenols  were  dissolved  in  800  c.  c.  of  water  and  25  c.  c.  of  caustic 
soda  1 : 3,  and  evaporated  to  40  to  50  c.  c.  on  the  steam  bath,  and  the 
phenols  were  then  separated  and  brought  to  measurement  as  de- 
scribed. It  was  found  that  this  proceeding  involved  a  loss  averaging 
at  least  5  per  cent,  the  percentage  increasing  as  the  molecular  weights 
of  the  phertols  increased.  This  result  could  be  expected,  for  the 
higher  phenols,  being  of  much  less  solubility  in  dilute  caustic  soda, 
and  being  more  weakly  acid  and  their  salts  consequently  more  easily 
hydrolyzed,  would  naturally  suffer  a  greater  percentage  of  loss  than 
the  lower,  more  acid  phenols. 

(&)  An  attempt  was  next  made  to  extract  phenols  from  the  dis- 
tillate with  benzol,  then  concentrate  the  benzol  solution  by  distillation 
to  a  residual  quantity  of  about  60  c.  c,  which  was  lastly  brought 
into  the  measuring  tube  with  caustic  soda.  Weighed  amounts  of 
phenols  were  brought  into  a  1,500  c.  c.  separatory  funnel  with  800 
c.  c.  of  water,  and  shaken  with  benzol  in  the  amount  and  manner 
described  in  the  analytical  method  (page  15),  both  with  and  with- 
out the  addition  of  NaCl.  Without  addition  of  NaCl  each  extrac- 
tion with  benzol  removes  at  most  but  75  per  cent  of  the  phenol 
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present  each  time;  with  12 J  grams  XaCl  per  100  c.  c.  about  87  per 
cent  is  withdrawn,  and  with  25  grams  per  100  c.  c,  between  92  and 
94  per  cent  is  taken  up  by  the  benzol  in  each  extraction.  Three 
extractions  as  described  will  therefore  account  for  99.95  per  cent 
of  the  amount  of  phenols  originally  present.  This  was  eminently 
satisfactory.  But  when  the  benzol  extract  was  submitted  to  distilla- 
tion, variable  amounts  of  phenols  were  found  in  the  distillate,  the 
amount  being  almost  negligible  in  the  case  of  phenols  of  high  boil- 
ing point,  but  considerable  with  the  lower  phenols,  and  especially 
notable  in  the  case  of  benzophenol. 

(c)  Attempt  was  next  made  to  hold  back  phenols  while  benzol 
was  being  distilled  as  described  in  (&),  by  the  addition  of  a  few 
grams  of  metallic  sodium,  the  idea  being  to  eliminate  the  effect  of 
small  amounts  of  water  and  at  the  same  time  to  bring  the  phenols 
into  a  completely  nonvolatile  compound.  This  attempt  was  quickly 
abandoned,  for  the  reaction  between  sodium  and  phenols  proved 
very  slow  and  incomplete,  even  on  long  standing  or  boiling  with 
reflux  condenser. 

(d)  It  will  be  noted  that  high-boiling  phenols  suffer  special  loss 
by  the  method  of  (a)  and  low-boiling  phenols  by  method  (6),  while 
the  method  of  extraction  of  (b)  is  perfectly  adequate.  Therefore 
an  attempt  was  made  to  combine  the  two  methods  by  distilling  off 
the  benzol  over  strong  caustic  soda — 15  c.  c.  of  1 : 2  NaOH — ^the  idea 
being  that  the  strong  caustic  soda  would  hold  nearly  all  the  phenols 
in  combination,  and  afford  on  account  of  its  concentration  but  slight 
opportunity  for  hydrolysis  and  formation  of  water  vapor,  while 
since  those  very  phenols  most  subject  to  hydrolysis  and  loss  from 
the  caustic  soda  are  those  of  high  boiling  point  and  but  slight  vola- 
tility with  vapors  of  benzol,  practically  no  appreciable  amount  of 
phenols  would  escape  from  the  flask.  This  proved  to  be  the  case. 
Delicate  qualitative  tests  show  the  presence  of  phenols  in  the  dis- 
tillate, but  in  amount  far  beyond  the  power  of  the  measuring  tube 
to  detect. 

The  following  table  will  illustrate  some  of  the  positive  points 
brought  out  in  Experiments  I,  II,  and  III.  Purified  cresol  was 
employed,  obtained  in  the  laboratory  from  crude  cresylic  acid. 

Results  of  experiments  upon  the  method  for  determining  phenols. 


Method  of  treatment. 

Weight 
taken. 

Increase  of 
NaOH. 

Coefficient: 
/        weight  phenols       \ 

Mean  co- 
efficient. 

\ volume  increase  NaOH./ 

Diwolved  in  benzol  and  Rhaken  with  NaOH 
in  tube 

Gramt. 
f      tJ.  865 
\      8.625 
]      7.  &42 
1      7.773 
8.483 
9. 776 

Cubic 
cenlimeters. 
6.69 
8.60 
7.52 
7.75 
8.30 
9.81 
9.40 

1.023  1 
1.015  , 
1.003 
'     1.003  Ij 
1.016 
.997 

1.019 

Jn  Heparatory  funnel  with  benzol,  NaOH, 
ana  H2S04,  then  as  In  analysis 

1.008 

With  800  c.  c.  water,  200  g.  NaCl,  then 
treated  as  In  analysis 

1.004 

[      9.344 

.998   ) 
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It  is  evident,  accordingly,  that  the  method  described  will  bring  to 
measurement,  with  no  loss,  all  the  phenols  present  in  the  distillate 
from  the  dip. 

TESTS  WITH  COAL-TAR  CREOSOTE  DIPS  OF  KNOWN   COMPOSITION. 

The  next  undertaking  was  to  make  up  a  coal-tar  creosote  dip  of 
accurately  known  composition  in  order  to  test  upon  it  the  validity 
in  practice  of  the  methods  of  analysis  developed. 

Dip  No.  1, — Rosin :  A  fair  grade  of  ordinary  commercial  rosin  was 
employed.    Weight  used,  220  grams. 

Hydrocarbons:  Coal-tar  oils,  supposed  to  be  free  from  phenols, 
shaken  four  times  with  10  to  25  per  cent  caustic  soda,  dried  over 
calcium  chlorid,  and  filtered.    Weight  taken,  550  grams. 

Pure  phenols:  Obtained  by  the  purification  in  the  laboratory  of 
crude  cresylic  acid.    Weight  taken,  120  grams. 

Caustic  soda  and  water:  One  part  pure  NaOH  dissolved  in  two 
parts  water.  By  titration  with  N/2  HjSO^  and  methyl  orange  the 
solution  showed  24.7  per  cent  NajO  and  75.30  per  cent  water. 
Amount  taken,  90  grams,  which  accordingly  contained  90  X  0.247  = 
22.23  grams  NajO  and  90  X  0.753  =  67.77  grams  water.  There  was 
also  added  20  c.  c.  water,  making  the  total  water  used  87.77  grams. 

The  dip  accordingly  contained: 


Water 

Soda  (Na20) -._ 

Rosin 

Phenols 

Hydrocarbons  and  pyrldln. 


Grams.     Per  cent 


87.77 
22.23 
220.00 
120.00 
550.00 


8.78 
2.22 
22.00 
12.00 
55.00 


1,000.00       100.00 


Saponification  was  effected  in  a  flask  connected  with  a  reflux  con- 
denser and  immersed  in  a  water  bath. 
Analysis  of  dip  No.  1  gave : 


Water 

Soda _ 

Pyrldln 

Phenols 

Rosin  acids,  gravimetric. 

Bosln  acids,  volumetric... 


A. 

B. 

Mean. 

Per  cent. 

Percent. 

Per  cent. 

8.8 

8.6 

8.7 

2.16 

2.17 

2.16 

1.19 

1.80 

1.25 

11.78 

11.74 

11.76 

19.90 

19.80 

19.86 

Ul)20.03 

(1)19.94 

I        19.94 

i(2)19.97 

(2)19.81 

It  will  be  noted  that,  as  was  to  be  expected,  the  amount  of  rosin 
acids  found  is  about  90  per  cent  of  the  rosin  used  in  the  dip.  The 
results  seemed  very  satisfactory,  except  perhaps  in  the  case  of  the 
phenols.     (But  see  page  35.) 
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Dip  No.  2. — ^Made  up  more  as  a  dip  would  be  made  in  practice. 
Rosin,  200  grams. 

Coal-tar  oils  which  were  used  gave  on  analysis : 


Water 

Pyrldin- __ 

Phenols- 

Hydrocarbons,  by  difference 


A. 

B. 

Per  cent. 
0.40 
3.35 
20.30 
75.  Oj 

Per  cent. 
0.50 
3.56 
20.40 
75.54 

100.00 

100.00 

Mean. 


Percent. 
0.45 
3.45 
20.35 
75.75 

100.00 


Amount  taken,  700  grams,  which  would  give: 

Grams. 

Water 700X0.0045=     3.15 

Pyrldin 700X   .0345=  24.15 

Phenols    700X   .20:J5=142.45 

Hydrocarbons 700X   .7575=530.25 

Soda  and  water :  By  titration  with  N/2  H.^,S04  and  methyl  orange 
the  solution  was  found  to  contain  25.22  per  cent  Na^O  and  74.78  per 
cent  HjO.  Ninety  grams  of  the  solution  were  employed,  giving  22.7 
grams  Na^O  and  67.3  grams  H.^0.  There  was  also  added  10  c.  c.  of 
water.  The  materials  were  all  put  together  in  a  1,500  c.  c.  flask  and 
the  latter  was  stoppered  and  sliaken  frequently  until  saponification 
was  complete,  with  application  of  no  external  heat. 

The  dip  accordingly  contained: 

Per  cent. 

Water    (0.32+6.73+1.0) 8.05 

Soda    (NasO) 2.27 

Pyrldin ___    .      2.42 

Rosin    20.00 

Phenols .  14.25 

Coal-tar  hydrocarbons _. _       .    __  53.01 


Total 


100.00 


Analysis  gave  the  following  results: 


Water ^ 

Soda 

Pyrldin 

Rosin  adds 

Phenols - 

Hydrocarbons,  by  difference. 


A. 

B. 

Mean. 

Per  cent. 

Percent. 

Per  cent. 

8.10 

8.30 

8.20 

2-.  28 

2.26 

2.27 

2.28 

2.21 

2.25 

-18.66 

M8.80 

18.78 

14.16 

14.06 

14.11 

54.52 

54.37 

54.44 

100.00 

100.00 

100.00 

» Volumetric. 


*  Gravimetric. 


Results  from  this  dip  appear  very  satisfactory.  It  should  be  noted 
that  the  formulas  employed  in  the  experimental  dips  are  in  no  way 
recommended  for  actual  use.  The  immediate  object  was  not  to  make 
a  superior  dip,  but  merely  to  test  the  methods  of  analysis  employed. 
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TEST   WITH    CRE8YLIC    ACID   DIP   OF   KNOWN   COMPOSITION. 

The  next  experiments  were  to  test  in  the  same  way  the  validity  of 
the  methods  when  applied  to  cresylic  acid  dips.  Dip  No.  3  was  ac- 
cordingly made  somewhat  along  the  lines  of  the  U.  S.  P.  formula  for 
liquor  cresolis  compositus. 

One  hundred  and  seventy-five  grams  of  linseed  oil  was  saponified 
in  a  beaker  with  81  grams  of  a  solution  of  pure  KOH,  shown  by  titra- 
tion with  N/2  H2SO4  and  methyl  orange  to  contain  35.9  per  cent  of 
K2O  and  64.1  per  cent  Kfi,  Accordingly  81X0.359=29.08  grams 
K2O,  and  81X0.641=51.92  grams  H^O  were  introduced.  The  beaker 
with  its  contents  was  weighed  before  and  again  after  saponification, 
and  a  loss  of  3.5  grams  noted,  leaving  in  the  soap  finally  51.92 — 3.5= 
48.42  grams  of  HoO.    The  materials  employed  in  the  soap  were  then — 

Grams. 

Linseecl  on 175.00 

Potash    (KaO)    29.08 

Water 48.42 

Total 252. 5 

Now,  taking  as  the  mean  molecular  weight  of  the  fat  acids  of  lin- 
seed oil  the  number  284.7,'*  and  as  the  molecular  weight  of  glycerin 
the  number  92,  the  mean  molecular  weight  of  linseed  oil  will  be 
3(284.7)-f  92— 54=892.1.  The  175  grams  of  linseed  oil  will  then  be 
equivalent  to — 

92 
Glycerin,  175X^^77^=18.03  grams. 

Fatty  acid  anhydrids,  175  x'       J"  —162.25  grams. 

54 
But  this  glycerin  will  take  up  18.03Xr5,  =5.28  grams  HgO  in  the 

process  of  saponification  of  the  linseed  oil,  hence  the  completed  soap 
theoretically  consists  of — 

Grams. 

Glycerin 18. 03 

Fatty  acid  nnliydrids 162.25 

KaO 29.08 

Water  (48.42—5.28)   43.14 

Total 252.50 

The  soap  was  transferred  to  a  tared  liter  flask  with  the  aid  of 
U.  S.  P.  cresylic  acid  (cresylic  acid  from  two  different  manufac- 
turers being  mixed  in  equal  parts  to  secure  a  fair  sample),  the  con- 
tents were  brought  to  500  grams  with  cresylic  acid,  and  the  flask 
was  stoppered  and  frequently  shaken  for  several  days  till  a  uniform, 

« I^wkowitsch,   J.    Chemical   Technology  and  Analysis  of  Oils,   Fats,  and 
xes,  3d  Ed.,  vol.  1,  p.  334.    1904. 
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clear  liquid  resulted.  The  mean  of  four  analyses  (page  34)  showed 
the  U.  S.  P.  cresol  employed  to  be  98.80  per  cent  pure.  The  amount 
used  was  500 — 252.5=247.5  grams,  containing  accordingly  247.5X 
0.988=244.53  grams  phenols  and  247.5X0.012=2.97  grams  of  pyri- 
din,  hydrocarbons,  etc. 

Analysis  of  the  dip  ought  then  to  show : 

Per  cent 

Water 8.63 

K,0 ^ 5.82 

Fatty  acid  anhydride __  32.45 

Glycerin 3.61 

Plienols 48.90 

Pyridin,  hydrocarljons,  etc 0.59 

Total 100. 00 

Actual  analysis  of  this  dip  gave  the  following  results : 


Water - 8.1 

K2O - - -.      6.n 

Fatty  acid  anhydrlda _.  31.50 

Glycerin - 8.60 

Phenols - - i8.77 

Pyrldln - _ 0.28 


Mean. 


8.0  8.06 


5.72 
31.39 

8.49 
48.08 


5.71 
31.45 

48.88 


0.28  .        0.28 


TESTS    FOR    NONVOLATILE    ACID    BODIES    IN    COAL-TAR   CREOSOTE    AND    COM- 
MERCIAL CRESYLIC  ACID. 

Mention  has  already  been  made  of  the  fact  (page  24)  that  both  coal- 
tar  oils  and  commercial  cresylic  acid  may  contain  bodies  of  an  acid 
nature,  absorbed  by  caustic  soda  solution  with  a  consequent  increase 
in  its  volume,  but  which  are  not  volatile  with  steam  at  100°  C.  These 
acid  bodies  very  probably  vary  in  amount  in  different  samples  of  oils 
and  cresols,  and  may  not  be  present  in  every  case.  Examinations 
were  made  of  the  coal-tar  creosote  oil  employed  in  making  dip  No.  2, 
and  of  the  U.  S.  P.  cresol  used  in  dip  No.  3. 

The  coal-tar  creosote  oil  used  in  preparing  dip  No.  2  was  found  to 
contain  by  distillation  of  the  oil  with  steam  20.35  per  cent  phenols,  as 
the  mean  of  the  two  results  20.30  per  cent  and  20.40  per  cent.  The 
oils  w^ere  then  handled  in  another  way,  namely,  100  grams  were  dis- 
tilled from  an  Engel  flask  to  300°  C.  The  first  portion  of  the  distil- 
late containing  water  was  received  in  a  small  stoppered  cylinder,  ben- 
zol and  NaCl  were  added,  the  cylinder  was  shaken,  and  after  separa- 
tion had  taken  place  the  benzol  was  pipetted  out  and  added  to  the  rest 
of  the  distillate.  Extraction  of  the  aqueous  portion  was  repeated 
several  times  in  the  same  way.  The  total  oily  distillate  was  made  to 
a  definite  volume  with  benzol,  an  aliquot  part  shaken  with  caustic 
soda  in  the  measuring  tube  and  the  increase  in  volume  noted.     Some- 
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what  variable  results  were  obtained,  ranging  between  21.80  and  23.20 
for  the  per  cent  of  phenols  found  by  this  method  in  the  creosote  oil. 

In  the  examination  of  the  U.  S.  P.  cresol  used  in  dip  No.  3  weighed 
amounts  of  the  cresol  were  introduced  into  a  150  c.  c.  separatory  fun- 
nel, with  15  c.  c.  of  1 : 2  NaOH  and  30  to  40  c.  c.  water,  then  benzol 
and  H2SO4  added,  and,  in  short,  the  last  two  steps  of  the  adopted 
analytical  method  were  followed  in  detail  until  the  phenols  were 
brought  to  measurement. 

Treated  in  this  way  9.059  grams  cresol  gave  9.13  c.  c.  increase  in 
volume  of  NaOH= 100.77  per  cent  phenols;  8.146  grams  cresol  gave 
8.15  c.  c.  increase  in  volume  of  NaOH= 100.05  per  cent  phenols.  The 
U.  S.  P.  cresol  will  then  appear  by  this  method  to  contain  100.41  per 
cent  phenols,  the  mean  of  the  two  results  obtained. 

Phenols  were  now  determined  exactly  as  they  would  be  in  a  dip, 
by  steam  distillation  of  weighed  amounts  of  the  U.  S.  P.  cresol. 


Weight 
cresol. 

1 

Increase 

in  volume 

NaOH. 

Per  cent 
phenols. 

Orams. 
9.467 
9.590 
9.468 
9.105 

Orams. 
9.40 
9.46 
9.36 
8.95 

99.40 
98.64 
96.86 
98.30 

The  mean  of  these  results  is  98.80  per  cent,  while  the  range  of  dif- 
ference between  the  results  is  about  1  per  cent  of  the  amount  of 
phenols  operated  upon.  AMien  working  with  nearly  pure  phenols  it 
is  difficult  to  obtain  results  which  check  as  closely  as  desirable,  for 
the  meniscus  is  subject  to  considerable  variation  in  shape  and  degree 
of  curvature.  This  variation  in  the  form  of  the  meniscus  appears  to 
a  less  extent  w^hen  the  phenols  from  a  cresol  dip  are  measured,  and 
is  practically  absent  in  case  the  phenols  have  been  obtained  from  a 
creosote  dip,  hence  readings  in  these  cases  check  more  closely.  In 
practice  results  may  reasonably  be  expected  to  check  within  this 
limit  of  1  per  cent  of  the  total  amount  of  phenols  in  all  cases ;  that  is, 
results  on  a  cresol  dip  containing  50  per  cent  phenols  agree  within 
0.5  per  cent,  and  those  on  a  creosote  dip  containing  about  10  per  cent 
phenols  within  0.1  per  cent. 

It  is  accordingly  evident  that  both  coal-tar  creosote  oils  and  even 
quite  pure  cresylic  acid  may  contain  bodies  of  an  acid  nature,  which 
may  possibly  be  phenoloids,  but  for  the  determination  of  which, 
since  they  are  not  volatile  with  steam,  there  appears  at  present  no 
possible  means.  In  the  actual  analysis  of  a  dip  these  bodies  will 
naturally  tend  to  increase  the  percentage  of  rosin  acids  found, 
whether  the  latter  are  determined  gravimetrically  or  volumetrically. 
It  is  not  likely,  however,  that  in  any  case  the  percentage  of  rosin 
acids  will  be  thus  increased  to  a  figure  greater  than  the  per  cent 
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of  rosin  actually  employed  in  making  the  dip,  as  is  indicated 
by  the  result  for  rosin  acids  obtained  in  the  analysis  of  dip  No.  2. 
As  already  shown,  the  creosote  oil  used  in  this  dip  contained  a  consid- 
erable amount  of  nonvolatile  acid  bodies.  The  existence  of  these 
nonvolatile  acid  bodies  was  not  known  at  the  time  dip  Xo.  1  was 
made  and  analyzed.  Unfortunately,  no  more  of  the  purified  cresylic 
acid  used  for  that  dip  was  available  for  examination ;  but  inasmuch 
as  it  was  prepared  from  a  very  crude  commercial  product,  it  undoubt- 
edly contained  an  appreciable  amount  of  these  nonvolatile  acid  bodies, 
whose  presence  may  account  for  the  somewhat  low  results  for  phenols 
obtained  in  the  analysis  of  that  dip. 

SXTMMABY. 

In  conclusion  certain  points  may  be  emphasized : 

1.  Methods  appear  now  available  for  determining  with  consider- 
able accuracy  the  constituents  of  coal-tar  creosote  and  cresylic  acid 
dips.  These  methods  are  not  especially  tedious,  nor,  while  requiring 
a  certain  amount  of  practice  for  their  successful  execution,  do  they 
demand  complicated  apparatus,  exceptional  skill  in  manipulation, 
or  the  liberal  use  of  expensive  chemicals.  The  results  are  all  obtained 
by  fairly  simple  volumetric  processes,  and  the  closeness  with  which 
experience  in  this  laboratory  has  shown  them  to  check,  whether  ob- 
tained by  the  same  or  different  operators,  renders  the  methods  herein 
described  particularly  adapted  to  the  standardization  of  dips. 

2.  Methods  exactly  parallel  to  the  methods  employed  in  the 
analysis  of  dips  may  be  applied  to  the  valuation  of  creosote  oil  and 
cresylic  acid  which  are  to  be  used  in  making  dips.  If  a  dip  is  prop- 
erly made  from  analyzed  materials  and  the  dip  itself  then  analyzed, 
the  actual  analysis  of  the  dip  will  agree  very  closely  with  its  calcu- 
lated composition.  The  validity  of  the  methods  of  analysis  is  thus 
doubly  confirmed. 

3.  Furthermore,  the  agreement  between  the  analysis  of  a  dip  made 
from  analyzed  materials  with  its  calculated  composition  indicates 
that  it  is  actually  possible  for  a  manufacturer  to  place  on  the  market 
a  dip  of  practically  unvarying  composition. 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
WasUngton,  D.  C,  August  22, 1908, 
Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  publication  as  a  bulletin  of  this  Bureau,  a  manuscript  entitled 
"Feeding  for  Meat  Production,"  by  Dr.  Henry  Prentiss  Armsby,  who 
is  in  charge  of  the  investigations  in  animal  nutrition  which  have  been 
in  progress  for  some  years  at  The  Pennsylvania  State  College  Agricul- 
tural Experiment  Station  by  cooperation  between  that  station  and 
this  Bureau.     The  paper  consists  of  a  general  discussion  of  the  prin- 
ciples underlying  feeding  for  meat  production,  and  while,  as  stated 
by  Doctor  Armsby,  it  does  not  include  a  report  of  any  original  work, 
it  is  believed  that  such  a  compilation  may  be  useful  in  showing  more 
clearly  the  practical  bearings  of  the  investigations  mentioned. 
Respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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aSNEBAL  PRINCIPLES. 

DEFINITIONS. 

By  "meat"  we  understand  in  a  general  way  the  flesh  of  an  animal 
as  distinguished  from  the  skeleton  on  the  one  hand,  and  the  internal 
organs,  hide,  and  other  offal  on  the  other  hand.  Meat  in  this 
general  sense  is  separable  mechanically  into  fat  tissue  and  lean  meat, 
both  of  these,  but  especially  the  latter,  being  of  somewhat  complex 
composition. 

FAT  TISSUE. 

Description. — Fat  tissue,  or  "adipose  tissue, ''  consists  essentially 
of  cells  of  connective  tissue  in  which  a  large  accumulation  of  fat  has 
taken  place,  the  protoplasm  of  the  cells  being  reduced  to  a  mere 
envelope  surrounding  the  fat.  These  fat  cells  are  held  together  by  a 
basis  of  vascular  connective  tissue.  Cells  of  this  sort  are  found  in 
almost  all  parts  of  the  body,  but  there  are  two  regions  in  which  fat 
especially  tends  to  accumulate  and  which  constitute  the  great 
reserves  of  fat  in  the  body,  (1)  the  subcutaneous  tissue,  and  (2)  the 
connective  tissue  surrounding  the  internal  organs,  particularly  the 
intestines  and  kidneys. 

Composition. — Fat,  of  course,  is  the  chief  ingredient  of  adipose 
tissue,  but  the  connective  tissue  and  the  remnants  of  protoplasm, 
which,  together  with  adhering  fat,  yield  the  "cracklings''  when  the 
fat  is  melted  out,  make  up  an  appreciable  portion  of  its  mass.  Thus 
Henneberg,  Kern,  and  Wattenberg**  found  the  fat  tissue  from  various 
parts  of  the  fat  sheep  to  contain  from  85.33  to  90.35  per  cent  of  fat. 
In  later  experiments  with  five  lambs  the  same  investigators  ^  obtained 
the  following  average  figures,  to  which  the  writer  has  added  the  energy 

o  Journal  fOr  Landwirtschaft,  bd.  26,  p.  381. 
ftJbid.,  bd.  28,  p.  289. 
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content  computed  on  the  assumption  that  the  fat-free  dry  matter 
consisted  of  protein: 

Composition  of  fat  of  lambs  and  computed  energy  value. 


Constituent. 


Water per  cent. 

Fat : do... 

Fat-free  dry  matter do. . . 

Total do... 

Computed  energy  value  per  kilogram calories. 


Subcuta- 
neous fat. 


11.00 

84.49 

4  51 


100.00 
8,283 


Kidney  fat. 


4.36 

9a  80 

L76 


loaoo 

9,019 


Intestinal 
fat. 


&82 

92.15 

2.03 


loaoo 

8,870 


Beythien"  reports  the  following  extremes  of  composition  of  the  fat 
tissue  of  commercial  fresh  beef,  pork,  and  mutton: 


Constituent. 


Minimum.  |  Maximum. 

I 


Water 

Fat 

Nitrogenous  matter. 
Ash. 


Percent. 
5l04 
7&10 
1.84  ' 
.10  I 


Percent. 

18.73 

9a  02 

4.97 

.23 


LEAN   HEAT. 

Description, — ^The  lean  meat  is  still  more  complex  in  its  make-up. 
Primarily  it  consists  of  muscular  tissue.  A  muscle  is  briefly  described 
by  Foster''  as  consisting  of  '^ elementary  muscular  fibers,  bound 
together  in  variously  arranged  bundles  by  connective  tissue  which 
carries  blood  vessels,  nerves,  and  lymphatics."  All  these  structural 
elements,  speaking  broadly,  may  be  said  to  be  protein  in  their  general 
character,  and  the  same  is  true  of  the  connective  tissue  lying  between 
the  various  muscles  as  well  as  of  the  tendons  which  form  their  attach- 
ments to  the  bones. 

In  addition  to  these  proteid  structures,  however,  muscular  tissue 
contains  more  or  less  fat.  Globules  of  this  substance  are  found  in 
the  muscular  fibers  themselves,  nor  are  there  lacking  indications  that 
the  complex  protoplasm  of  the  cell  may  contain  fat  in  actual  chemical 
combination  with  protein  material.  By  far  the  larger  part  of  the  fat 
of  the  muscles,  however,  is  to  be  found  in  the  connective  tissue  in  the 
form  of  the  fat  cells  already  described.  In  other  words,  larger  or 
smaller  masses  of  adipose  tissue  are  formed  between  the  muscles,  the 
muscular  bundles,  or  even  between  the  single  muscular  fibers. 

What  we  commonly  speak  of  as  lean  meat,  then,  has  a  composition 
varying  more  or  less  according  to  the  proportion  of  actual  muscular 
fibers  and  of  connective  and  vascular  tissue,  but  especially  with  the 
extent  to  which  fat  deposition  has  taken  place. 

o  Biedennann's  Central-Blatt  ftir  Agrikulturchemie  \iiid  rationellen  Landwirt- 
Bchafts-Betrieb,  bd.  30,  p.  683. 

&  Text  Book  of  Physiology,  1898,  p.  82. 
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Composition. — Few  analyses  of  the  lean  meat  freed  from  adhering 
fat  are  on  record,  and  its  variations  in  composition  may  be  considered 
more  profitably  in  another  connection.  The  following  analyses  by 
Jordan"  of  the  meat  from  the  entire  carcasses  of  well-fed  steers 
respectively  17  and  27  months  old,  the  fat  having  been  removed  as 
fully  as  possible  mechanically,  may  serve  to  indicate  in  a  general  way 
the  composition  of  what  might  be  called  commercial  lean  meat.  The 
figures  are,  in  each  case,  the  average  for  two  animals,  and  the  energy 
values  have  been  computed  by  the  present  writer. 

Average  composition  of  lean  metU  of  steers,  and  computed  energy  values. 


In  fresh  meat. 

In  dry  matter. 

Constituent. 

17  months  1 
old.       j 

27  months 
old. 

17  months 
old. 

27  months 
old. 

Water 

...percent.. 

do.... 

do.... 

do.... 

do.... 

....calories.. 

7aoi 

.96] 
19.83 
9.20 

7a  00 

.96 

19.90 

9.66 

Ash 

Protein  (by  difference) 

Fat 

a  19 
66.15 
3a66 

&18 
64.53 
32.29 

Total 

Computed  energy  value  per  kilogram 

loaoo 

2.004 

loaoo 

2,018 

loaoo 

6,683 

loaoo 

6,746 

According  to  these  figures,  about  two-thirds  of  the  dry  matter  of 
lean  beef  consists  of  protein  and  somewhat  less  than  one-third  of  fat. 

PROPORTIONS   OF  FAT  AND  LEAN  IN   CARCASS. 

The  proportion  of  lean  meat  to  fat  tissue  in  the  carcass  is  naturally 
quite  variable,  depending  somewhat  upon  the  age,  but  chiefly  on  the 
feeding  of  the  animal,  insufficient  nutrition  reducing  the  store  of  fat 
in  the  body  to  a  minimum,  while  heavy  feeding  may  cause  the  produc- 
tion of  large  amounts  of  it.  Thus  Lawes  and  Gilbert  found  the  propor- 
tion of  fat  in  the  whole  bodies  of  10  farm  animals  to  vary  from  8.7  per 
cent  in  a  well-fed  ox  to  42.3  per  cent  in  a  fat  hog.  Atwater*  reports 
the  following  as  the  average  composition  of  a  side  of  beef  of  medium 
fatness : 

Average  composition  of  a  side  of  beef  of  medium  fatness. 

Per  cent. 

Water 54.77 

Protein 17. 20 

Fat 27.07 

Ash 96 

Total 100.00 

Lean  cuts  of  meat,  however,  may  contain  much  less  fat  than  is 
indicated  by  the  above  statement.     Thus  Grindley  and  Emmett^ 

o  Maine  Experiment  Station,  Report  for  1895,  Vol.  II,  pp.  36-77. 

ft  U.  S.  Department  of  Agriculture,  OflBce  of  Experiment  Stations,  Bulletin  21,  p.  35. 

cU.  S.  Department  of  Agriculture,  Office  of  Experiment  Stations,  Bulletin  162. 
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analyzed  seven  samples  of  beef  round  from  which  the  visible  fat  had 
been  removed,  the  average  of  the  seven  analyses  being  as  follows : 

Average  composition  of  seven  samples  of  beef  round  with  visible  fat  removed. 


Constituent. 

FPMh  sub- 
stance. 

Water-free 

substaDoe. 

Water 

Percent. 
73.30 
1.13 
1&79 
2.98 
488 

Percent. 

Ash 

427 

Protein 

7a  67 

Extractives 

1L07 

Fat 

17.81 

The  minimum  figure  for  fat  was  3.19  per  cent  in  the  fresh  substance, 
or  12.29  per  cent  of  the  dry  matter. 

Voit  ^  found  in  the  carefully  prepared  lean  meat  which  he  used  as 
representing  substantially  protein  food,  and  which  had  been  most 
painstakingly  freed  from  all  visible  fat,  0.91  per  cent  of  ether  extract 
in  the  fresh  substance,  equal  to  3.77  per  cent  of  the  dry  matter. 

The  term  *'meat'*  commonly  suggests  to  the  mind  the  muscular 
tissue  of  the  animal,  and  has  become  almost  synonymous  with  a  pro- 
teid  diet.  It  is  evident,  however,  that  the  commercial  growing  of 
meat  involves  the  production  of  considerably  more  fat  than  protein, 
and  that  in  so  far  as  this  fat  is  actually  consumed  meat  is  far  from 
being  the  distinctively  protein  food  which  it  is  ordinarily  considered. 
Thus  the  so-called  ''nutritive  ratio''  of  the  above-mentioned  side  of 
beef,  calculated  in  the  usual  manner,  is  about  1  to  3.5.  On  the 
other  hand,  however,  it  is  equally  true  that  the  protein  ingredients 
of  meat  are  the  distinctive  ingredients  for  the  sake  of  which  meat  is 
produced  and  eaten,  while  the  fat,  although  a  valuable  nutrient,  is 
to  a  certain  extent  subsidiary  and  accidental. 

PROCESSES    INVOLVED   IN   MEAT   PRODUCTION. 

Corresponding  in  a  general  way  to  the  two  main  ingredients  of 
meat — protein  and  fat — we  may  say  that  there  are  two  physiological 
processes  involved  in  its  commercial  production,  namely,  growth  and 
fattening. 

GROWTH. 

The  animal  at  birth  is  usually  regarded  as  unfit  to  serve  as  human 
food.  Moreover,  even  were  this  not  the  case,  it  would  be  in  the  high- 
est degree  uneconomic  to  fail  to  utilize  the  marked  assimilative 
powers  of  the  young  animal  in  the  production  of  body  tissue  (meat) 
from  food.  Consequently  the  production  of  meat  involves  more  or 
less  growth  in  all  cases.  This  may,  for  special  reasons,  be  concluded 
early,  as  in  the  production  of  lamb  or  veal,  but  as  a  whole  the  world's 

oZeitschrift  fur  Biologie,  hd.  1,  p.  95. 
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supply  of  meat  is  derived  from  animals  at  least  approaching  matu- 
rity. This  growth  of  animals  from  birth  to  approximate  maturity 
consists  essentially  of  an  increase  in  the  proteid  tissues. 

FATTENINO. 

The  production  of  protein  tissue  during  growth  is  normally  accom- 
panied by  the  production  of  more  or  less  fat  tissue,  its  amount 
depending  largely  on  the  nature  and  quantity  of  the  feed.  Experi- 
ence has  shown  that  the  tenderness  and  palatability  of  the  lean  meat 
are  notably  greater  when  it  is  accompanied  by  considerable  fat,  and 
also  that  this  improvement  in  quaUty  may  be  effected  by  a  com- 
paratively short  period  of  high  feeding  after  growth  has  been  sub- 
stantially completed.  It  has  become  customary,  therefore,  to  a  large 
extent,  to  separate  the  business  of  meat  production  into  two  branches, 
conducted  by  different  sets  of  individuals,  one  breeding  animals  and 
raising  them  imtil  nearly  mature  and  selling  them  to  the  other  to  be 
fattened. 

It  is  obvious,  however,  that  no  sharp  line  can  be  drawn  between 
the  processes  of  growth  and  fattening.  A  calf  or  yearling  may  be 
fattened  while  growing,  and  a  2-year-old  steer  will  continue  to  grow 
to  some  extent  while  being  fattened.  The  two  processes  shade  into 
each  other,  and  economic  considerations  will  decide  whether  they 
shall  be  carried  on  more  or  less  simultaneously  by  a  single  producer 
or  at  different  times  by  two  different  individuals. 

LAWS   OF   GROWTH. 

In  any  case  it  is  clear  that  growth  is  the  fundamental  process  in 
meat  production,  determining  substantially  the  amount  of  meat  in 
the  narrower  sense,  while  fattening  affects  chiefly  its  quality.  We 
naturally  take  up  first,  then,  a  consideration  of  the  laws  of  growth. 

Growth  may  be  defined  briefly  as  consisting  in  an  increase  of  the 
structural  elements  of  the  body,  chiefly  by  cell  multiplication,  result- 
ing in  a  gain  in  size  and  weight.  Since  these  structural  elements  are 
mainly  protein  in  character,  this  conception  of  growth  makes  it 
equivalent  to  an  increase  in  the  protein  tissue  of  the  body  (including, 
of  course,  the  mineral  ingredients  of  the  latter).  In  other  words, 
any  accompanying  fat  production,  although  in  a  sense  involving 
growth  of  adipose  tissue,  may  from  this  point  of  view  be  regarded  as 
incidental.  The  actual  processes  of  growth  are  substantially  the 
same  whether  we  produce  fat  lambs  or  veals  or  the  lean  and  muscu- 
lar colt  or  dairy  calf. 

RATE   OF  GROWTH. 

Before  proceeding  to  a  discussion  of  the  laws  governing  growth,  it 
is  important  to  consider  the  method  of  expressing  the  facts  observed. 
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If  we  were  to  plat  the  successive  weights  or  dimensions  of  a  grow- 
ing animal  we  should  obtain  what  might  be  called  the  curves  of  weight 
or  of  stature.  These  rise  rapidly  at  first  and  afterwards  more  slowly 
as  the  animal  approaches  maturity.  Or  we  may  plat  in  like  maimer 
the  increments  of  weight  or  size  observed  in  successive  equal  periods 
(day,  week,  month,  or  year),  thus  showing  at  what  periods  the 
absolute  growth  is  most  rapid. 

It  is  evident,  however,  that  an  increase  of  a  poimd  in  weight  by 
an  animal  weighing  500  pounds  is  relatively  much  less  than  the  same 
increase  in  a  lOO^pound  animal.  A  better  expression  of  the  processes 
of  growth  is  afforded  by  a  computation  of  the  rate  of  growth,  by  which 
is  meant  the  increment  in  a  given  unit  of  time  expressed  as  a  frac- 
tion of  the  amount  at  the  beginning  of  that  time.  Thus  in  the 
instance  just  supposed  the  rate  of  growth  in  weight  would  be  in  the 
first  case  one  five-hundredth  and  in  the  second  one  one-hundredth. 
In  the  second  case  the  small  animal  is  growing  five  times  as  fast  as 
the  larger,  in  proportion  to  its  weight,  and  may  be  regarded  as  show- 
ing five  times  the  energy  of  growth.  An  evident  advantage  of  this 
maimer  of  expressing  the  growth  is  that  it  permits  of  a  comparison 
of  animals  of  very  different  weights,  as,  for  example,  sheep  with 
cattle. 

INFLUENCE   OP  AGE   ON  RATE  OF  GROWTH. 

Somewhat  extensive  observations,  both  on  man  and  the  lower  ani- 
mals, show  that  the  average  rate  of  growth  as  above  defined  dimin- 
ishes from  birth  onward,  the  diminution  being  more  rapid  at  first 
and  slower  as  maturity  is  approached.  This  subject  has  recently 
been  discussed  in  a  most  illuminating  manner  by  Minot  "  on  the  basis 
of  his  own  and  others'  observations  on  guinea  pigs,  rabbits,  chicks, 
and  other  animals,  as  well  as  on  man.  Graphically  the  rate  of 
growth  is  expressed  by  a  descending  curve,  steep  at  first,  but  gradu- 
ally becoming  more  and  more  nearly  horizontal.  Apparently,  too, 
the  same  curve  extends  backward  without  material  break  into  intra- 
uterine life.  Foster  says:  '*It  seems  as  if  the  impetus  of  growth 
given  at  impregnation  gradually  dies  out."  In  the  early  stages  of 
growth,  therefore,  the  anabolic  processes,  which  tend  to  build  up 
tissue,  predominate,  while  as  time  goes  on  the  katabolic  processes 
gain  more  and  more  over  the  anabolic  until  at  maturity  the  two  tend 
to  become  substantially  balanced. 

Moreover,  as  the  following  paragraphs  will  show,  what  is  true  of 
the  rate  of  growth  as  measured  by  size  or  weight  is  also  true  of 
growth  in  the  stricter  sense  as  defined  in  the  opening  paragraph,  i.  e.. 


a  Popular  Science  Monthly,  vol.  71  (1907),  p.  193. 
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the  rate  of  increase  of  protein  tissue.  Indeed,  as  we  shall  see  later, 
the  increase  in  weight  of  the  young,  growing  animal  is  to  a  large 
extent  synonymous  with  the  growth  of  such  tissue. 

Percentage  of  feed  protein  retained  in  the  body. — It  has  been  shown 
that  in  the  mature  animal  the  katabolism  of  protein  substantially 
keeps  pace  with  its  anaboUsm.  Any  considerable  increase  in  the 
protein  supply  in  the  feed  fails  to  cause  a  corresponding  storage  of 
protein  in  the  body,  but  simply  increases  the  amount  broken  down, 
resulting  in  a  correspondingly  increased  excretion  of  nitrogenous 
metabolic  products.  Indeed,  this  is  really  implied  in  the  conception 
of  maturity.  By  a  mature  animal  we  mean  one  that  has  completed 
its  growth,  and  growth  consists  essentially  in  the  increase  of  the 
nitrogenous  structural  elements  of  the  body.  Obviously,  therefore,  if 
the  capacity  for  growth  has  been  exhausted,  we  should  expect  no 
material  storage  of  protein,  but  that  an  excess  of  this  material  would 
serve  chiefly  or  wholly  as  a  source  of  energy  to  the  organism. 

With  the  young  animal  the  case  is  different.  Its  rapidly  growing 
cells  and  tissues  demand  a  liberal  supply  of  protein,  and  if  this  is 
afforded  by  the  feed  it  will  be  largely  utiUzed  to  build  up  tissue 
instead  of  undergoing  nitrogen  cleavage,  and  consequently  a  much 
larger  percentage  of  the  feed  protein  will  be  retained  in  the  body. 
This  difference  between  the  protein  metabolism  in  immature  and 
mature  animals  is  most  readily  shown  by  a  comparison  of  the  amount 
of  feed  protein  with  the  amount  stored  in  the  body.  Some  of  the 
more  important  data  regarding  domestic  animals  follow. 

Soxhlet's  well-knowTi  experiments  on  calves  **  afford  interesting 
data  on  this  point,  which  are  summarized  in  the  following  table,  the 
feed  consisting  of  fresh  whole  milk: 

Percentage  of  feed  protein  stored. 


Animal. 


B. 
C 


Ago. 


Days. 

16-19 

30-33 

15 

21 

8 


Dilated 
protein 
(N.  X6.25) 
of  feed 
per  day. 


OraTM. 
171.3 
228.4 
330.8 
317.5 
262.4 


Daily  gain 
of  protein 
(N.  X6  25) 
by  animal. 


Orams. 
129.1 
163.6 
231.8 
216.1 
202.0 


Digested 
protein 
stored. 


Percent 
75.3 
71.6 
70.1 
68.1 
77.0 


An   investigation  by  Neumann^  upon  the  influence  of  calcium 
phosphate   and   calcium   carbonate   on  the   metaboHsm   of   a  calf 


o  Erster  Bericht  ttber  Arbeiten  der  K.  K.  Landwirtschaftlich-Chemische  Versuchs- 
station  in  Wien,  1870-77,  pp.  101-155. 
6  Journal  ftir  Landwirtschaft,  bd.  41,  p.  343;  bd.  42,  p.  33. 
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somewhat  older  than  Soxhlet's  animals  yielded  the  following  figures 
for  the  daily  nitrogen  balance: 

Daily  nitrogen  balance. 


Period. 

Average 
age. 

Feed. 

Nitrogen 
digested. 

««S 

First  series: 

I 

Days. 

40 
45 

57 
62 
68 

Skim  milk 

CHratM. 

68.70 
68.41 

74.82 
73.86 
77.60 

Orams. 
33.47 
29.44 

31.25 
23.12 
27.88 

Per  cent 
48.71 

II 

Skimmllk+Ca«(P04)i 

SklmmUk 

42.40 

Second  series: 

I 

41.78 

II 

Skim  mllk+CaCOt 

31.30 

Ill 

Skim  milk : 

35.92 

Disregarding  for  our  present  purpose  the  relatively  small  eflFects 
produced  by  the  calcium  salts,  it  is  evident  that  the  results  are  in 
general  accord  with  Soxhlet's,  although  the  percentage  stored  is 
notably  lower. 

De  Vries  Jzn"  conducted  a  series  of  digestion  and  metabolism 
experiments  on  calves  at  the  Gottingen  Experiment  Station  and 
obtained  the  following  results  for  the  protein  metabolism: 

Protein  metcibolism  of  calves. 


Animal. 


Period. 


A 

B 
C. 

D 


I 

II..... 
III... 
IV... 

II 


III. 


Average 
age. 


Days. 

50 

65 

74 

100 

38 
37 
64 
45 
63 

74 


Average 

live 
weight. 


82.30 

94.96 

100.67 

119.94 

82.00 
70.50 
88.60 
09.29 
81.38 

85.71 


I    Protein  (N.X  6.25)  per  day. 


Feed  per  day. 


Digested.     Stored  in  body. 


Orams. 

14  kilograms  sUm  milk 429. 0 

/7  kilograms  skim  milk 1  .ot  o 

\8  kilograms  whole  mUk f  ^^'^ 

13.95  kilograms  skim  milk i  428.3 

f  14  kilograms  skim  milk 1  «qq  , 

1300 grams  starch f  **-^ 

14  Idlograms  skim  milk 404. 0 

....do 395.8 

....do I  b386.9 

9  kilograms  whole  milk I  &241. 1 

9   kUograms   whole   milk+260  i  b230.9 
grams  starch. 


I 


9  kilograms  whole  milk |     t> 


Qrams. 
128.7 

170.4 

117.6 

148.9 

181.39 
167.09 
111.56 
156.50 
102.50 

126.9 


Percent 
30.0 

40.1 

27.5 

37.4 

44.9 
42.2 
28.8 
64.0 
44.4 

52.5 


Wilson^  fed  three  new-born  pigs  for  sixteen  days  on  skimmed 
cow's  milk  either  alone  or  with  addition  of  lactose  and  dextrose, 
respectively.  The  gains  were  determined  by  a  comparison  of  the 
weight  and  composition  of  the  animals  with  those  of  three  other  pigs 
of  the  same  litter  at  the  beginning  of  the  experiment.     Results  of 


a  Untereuchungen  fiber  die  Fleischbildung  dee  Saugkalbes. 
Gottingen,  1896,  p.  52. 
&  Digestibility  estimated. 
c  The  American  Journal  of  Physiology,  vol.  8,  p.  197, 


Inaugural  Dissertation. 
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similar  earlier  experiments  by  Sanford  and  Lusk  are  also  reported. 
For  protein  the  results  were  as  follows: 

Storage  of  protein  by  new-bom  pigs. 


Experimenter. 


Feed. 


Wilson. 


[Skim  milk 

^SWm  milk+lactoae. . . 

(Skim  mllk+ dextrose. 

(Skim  milk 

Sanford  and  Lusk. .  {Skim  milk+ltictose. . . 
I  [Skim  milk+doxtrose. 


.Vvorage       F(x»d 
age  of    I  protein 
animal,      stored. 


Days.      Per  ceiU. 

8  35.6 

8  44.5 

8  ,  42. 1 

7  i  23.0 

7  I  38.0 

7  I  48.0 


Investigations  by  Tschirwinsky "  upon  the  sources  of  fat  in  pigs 
in  which  the  gains  of  the  animals  were  determined  by  means  of  com- 
parative slaughter  tests,  gave  the  following  results  for  the  gain  of 
protein  between  the  ages  shown: 

Gain  in  protein  by  young  pigs  as  shown  by  slaughter  tests. 


AnlmaL 


No.  2. . . 

No.  3... 


Age. 


Protein     Protein 
digested.^  gained. 


Propor- 
tion of 
digested 
protein 
stored. 


10  to  28  we<^k8. 
9  to  22  weeks. . 


Orams. 
7.494 
3,554 


Qramt. 
1,552 
1,193 


Per  cent. 
20.7 
33.6 


Results  of  the  same  general  character  have  been  obtained  in  numer- 
ous experiments  with  infants,  as  for  example  those  of  Lange.  * 

Of  experiments  with  somewhat  older  animals  may  be  mentioned 
two  with  lambs  by  Henneberg,  Kern,  and  Watt^nberg  and  by  Weiske, 
respectively. 

The  first  of  these  investigations  '^  had  for  its  main  object  a  study 
of  the  economy,  from  the  point  of  view  of  meat  production,  of  a  fat- 
tening as  compared  with  a  growing  ration  for  lambs.  Two  uniform 
lots  of  six  lambs  each  were  used.  Lot  1  received  a  good  growing 
ration  for  four  periods,  followed  by  a  fattening  ration  in  the  fifth 
period,  while  lot  2  received  a  fattening  ration  from  the  start  and  was 
ready  for  the  butcher  at  the  end  of  the  third  period.  Sample  animals 
from  each  lot  were  slaughtered  at  the  beginning  and  at  intervals 
during  the  experiment  and  the  carcasses  partially  analyzed.  The 
results  afford  data  for  computing  the  gain  of  protein  in  the  form  of 
muscular  tissue  and  the  gain  of  total  fat,  but  not,  directly,  the  gain  of 


«  Die  Landwirtschaftlichen  Versiichp-Stationen,  bd.  29,  p.  317. 
b  Atwater  and  Langworthy .     Digest  of  Metalx»lism  Experiments.     U.S.  Department 
of  Agriculture,  Office  of  Experiment  Stations,  Bulletin  45,  pp.  30  and  32<). 
«  Journal  fGr  Landwirtschaft,  bd.  28,  p.  289. 
55416— BuU.  108—08 2 
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total  protein.     Assuming  the  latter,  however,  to  be  20.5  per  cent  of 
the  fat-free  body,  the  percentage  of  digestible  protein  retained  in  the 
-body  (not  including  the  wool)  was  as  follows: 

Gain  in  protein  by  lambs  on  growing  and  fattening  rations  for  varying  periods. 


Lot. 

Period. 

Approx- 
imate 
avera^ 
a«e. 

Propor- 
tion of 
protein 
stored. 

I  and  II 

Months. 
9 
21 
24 
9 
15 

PercenL 
7.73 

1 

Ill  and  IV 

4.06 

V 

3.04 

hand  II 

7.96 

2 

\III 

2.54 

Weiske's  investigations"  were  upon  two  Southdown-Merino  lambs 
about  4  months  old,  which  were  fed  a  good  growing  ration  for  about 
eleven  months,  this  time  being  divided  into  nine  periods  of  approxi- 
mately equal  length.  After  an  interval  of  eight  months  a  tenth 
period  was  added.  In  each  period,  usually  during  the  last  sixteen 
days,  the  balance  of  nitrogen,  sulphur,  and  ash  was  determined. 
Owing  to  various  irregularities  and  accidents,  the  conclusions  are 
based  chiefly  upon  the  results  on  one  animal  (No.  2)  except  in 
Periods  II  and  X. 

The  daily  growth  of  wool  is  estimated  to  have  contained  0.53 
gram  of  nitrogen.  Deducting  this  from  the  total  gain  observed 
gives  the  following  results: 

Nitrogen  digested  and  retained  by  lambs  on  a  growing  ration. 


Period. 

Nitrogen  per  day  and  head. 
Digested.  |   Retained  in  body. 

I...  .                                   

GratM. 
12.04 
13.05 
12.94 
14.39 
13.27 
12.92 
13.07 
12.72 
11.96 
11.18 

OrarM. 
2.17 
2.05 
1.62 
2.31 
1.61 
1.53 
2.34 
1.97 
0.39 
1.59 

Percent. 
l&OQ 

II 

li71 

III.  .  .                      

12.52 

IV 

1&05 

v 

12.13 

VI 

11.84 

VII                             

17.90 

VIII 

15l49 

IX   ...  .             

3.26 

X 

14.22 

Jordan^s  investigations^  upon  the  relation  of  feed  to  the  growth 
and  composition  of  the  bodies  of  steers  aflford  data  for  comparing 
feed  protein  with  protein  gain  in  steers  between  the  ages  of  23  and 
33  months.  The  gain  of  protein  is  computed  from  the  weight  and 
composition  of  the  carcasses  of  similar  animals  at  the  two  ages 
given,  while  the  digestible  protein  of  the  feed  is   computed  from  the 

a  Landwirtschaftliche  Jahrbticher,  bd.  9,  p.  205. 

6 Maine  Experiment  Station,  Report  for  1895,  vol.  2,  pp.  36-77. 
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known**  total  protein  on  the  assumption  of  average  digestibility. 
Comparing  No.  2  with  No.  1  and  No.  3  with  No.  4,  the  average  daily- 
results,  not  including  the  protein  of  the  hides,  were  as  follows: 

Comparison  of  average  daily  feed  protein  with  protein  gain. 


Animal. 

Protein 
digested. 

Pottfidf. 
1.96 
1.06 

Protein 
gained. 

Digested 
protein 
stored. 

Steer  No.  2 

Pounds, 
aOOTl 
.1123 

Per  cent. 
4.07 

steer  No.  3 .         ... 

10.72 

Steer  No.  2  had  been  fed  for  the  preceding  seventeen  months  on  a 
ration  considerably  richer  in  digestible  protein  than  that  of  steer 
No.  3. 

Rate  of  gain  of  ^protein. — ^The  foregoing  results  amply  substanti- 
ate the  introductory  statement  that  in  the  very  young  animal  a  rela- 
tively large  proportion  of  the  feed  protein  may  be  retained  in  the 
body,  and  likewise  show  that  this  proportion  diminishes  rather 
rapidly  as  the  animal  grows  older.  The  comparison,  however,  is 
likely  to  be  disturbed  by  variations  in  the  amount  of  protein  fed. 
Since  we  may  fairly  suppose  that  the  demand  for  protein  at  any 
given  age  is  relatively  fixed  and  independent  of  the  supply,  an  excess 
of  protein  in  the  feed  would  obviously  tend  to  reduce  the  percentage 
retained. 

A  more  philosophical  method  of  comparison  is  to  compute  the 
rate  of  gain  of  protein  at  different  ages — that  is,  to  compare  the 
increment  of  protein  during  any  given  period  with  the  amoxmt 
contained  in  the  body  at  the  beginning  of  that  period. 

In  those  of  the  foregoing  investigations  in  which  control  animals 
were  analyzed  at  the  beginning  of  the  experiments  we  have  an  ap- 
proximately correct  measure  of  the  original  stock  of  protein  in  the 
bodies  of  the  animals  experimented  on.  Where  no  control  animal  was 
analyzed  the  attempt  )ias  been  made  to  secure  an  approximate  basis 
for  computation  by  estimating  the  original  stock  of  protein  in  the 
body  from  the  live  weight.  For  this  purpose  Lawes  and  Gilbert's  fig- 
ures for  a  fat  calf  have  been  used,  but  the  percentage  of  fat  has  been 
reduced  one-half,  giving  the  following  as  the  assumed  composition: 

Per  cent. 

Water 69.54 

Ash 5.17 

Protein 17.  76 

Fat 7.  53 

Total 100. 00 

Having  thus  secured  a  starting  point,  it  is  easy  to  compute  the 
stock  of  protein  contained  in  the  body  at  the  end  of  each  succeeding 

«  Or  estimated  in  the  case  of  the  hay. 
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period,  and  likewise  the  average  daily  increment  during  each  period 
expressed  as  a  percentage  of  the  amount  present  at  the  beginning 
of  the  period.  Where  there  are  intervals  between  the  periods,  the 
average  rate  of  gain  of  efiich  period  has  been  assumed  to  continue 
untU  the  beginning  of  the  next.  Arranging  the  results  in  the  order 
of  age,  and  without  reference  to  species  of  animal,  we  have  the  results 
contained  in  the  table  which  follows. 

In  the  majority  of  these  cases  the  initial  protein  content  of  the 
body  was  estimated  from  the  live  weight.  It  seems  desirable  also 
to  compute  the  gain  of  protein  per  1,000  pounds  live  weight.  Except 
in  the  case  of  very  fat  animals,  the  results  are  likely  to  correspond 
substantially  with  those  computed  in  the  other  way,  while  they  have 
the  advantage  of  being  expressed  in  the  maimer  usually  adopted 
for  expressing  feeding  requirements.  This,  of  course,  assumes  that 
the  protein  requirement  is  proportional  to  weight,  and  not  to  sur- 
face, like  the  total  feed  requirement,  an  assumption  which  seems  at 
least  probable  and  which  eliminates  the  element  of  varying  size  of 
animal. 

Rate  of  gain  of  protein  by  animals  of  different  ages. 


Average 
afeoi 
ammal. 


Experimenter. 


Daya. 

7 Sanfordand  Lusk. 

8 i  WUson 

8 Soxhlet 

16 do 

18 ' do 

21 do 

32 do 

37 1  De  Vries  Jzn. 

38 1 do 

40 Neumann 

45 1 do. 

45... 
50... 
50... 
54... 
57... 
62... 
63... 
64... 
65... 


.do. 
.do. 
.do. 
.do. 
.do. 
•do. 
.do. 
.do. 
De  V  ries  J  zn ' do . 


Daily  gain  of  protein. 


AnimaJ. 


Pig. 


.do. 


Calf.. 


74... 
100.. 
114.. 
134.. 
140.. 
177.. 
214.. 
254.. 
290.. 
293.. 
328.. 
36<).. 
405.. 
436.. 
458.. 
521.. 
745.. 
840 1  Jordan. 


do. 

Neumann 

do 

....do 

...do 

De  Vries  Jzn.. 

....do 

do 

Neumann 

De  Vries  Jzn.. 

do 

Tschirwlnsky. 

do 

Weiske 

do 

do 

do 

Hennel)erg 

Weiske 

do 

do 

....do 

do 

Ilennel)erg 

do 

do 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
Pig 

do. 

Lamb . 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

Steer . . 


Computed 
on  total  pro- 
tein of  body. 

Computed 

perUOOO 

pounds  live 

weight. 

Per  cent. 

Pound*. 

7.260 

&621 

&852 

&757 

2.347 

a.  094 

2.076 

3.552 

1.644 

2.803 

1.722 

3.024 

1.693 

2.755 

1.335 

2.276 

1.246 

2.124 

1.795 

2.945 

1.449 

2.419 

1.272 

2.169 

.880 

1.500 

1.082 

1.844 

1.026 

1.320 

2.284 

.939 

1.611 

.678 

1.209 

.655 

1.209 

1.020 

1.723 

1.062 

1.823 

.713 

1.271 

.711 

1.192 

.442 

.663 

.483 

.740 

.372 

.651 

.307 

.499 

.219 

.360 

.288 

.449 

.272 

.303 

.179 

.284 

.160 

.264 

.232 

.382 

.178 

.301 

.033 

.061 

.0(« 

.074 

.087 

.096 

.0(57 

.060 

.ai4 

.089 

1 
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It  is  perfectly  obvious  that  the  range  of 
possible  error  in  the  single  results  obtained 
in  this  way  is  very  considerable.     Never- 
theless the  general  teaching  of  the  table  is 
perfectly  clear,  viz,  that  the  rate  of  growth 
of   protein  tissue,  whether  expressed    per 
unit  of  body  protein  or  per   1 ,000  pounds 
live  weight,  is  relatively  high  in  the  new- 
bom  animal  and  decreases  rapidly  at  first 
and    more    slowly    later,    tending   to     be 
asymptotic  to  the  zero  line.    In  other  words,    g 
we  obtain,  as  might  have  been  anticipated,    t 
a  curve  quite  similar  to  those  expressing    ^ 
the  rate  of  increase  in  weight  or  in  stature.    <| 

If  we  let  g  equal  gain  of  protein  per  S 
day  per  1,000  pounds  live  weight  and  a  | 
equal  age  in  days,  we  find  that  a  curve  I 
represented  by  the  empirical  equation  ^ —      •§ 

-     1^5  I 

^""  a  +  20  ^ 

corresponds  fairly  well  with  the  general  | 
average  of  the  observed  results.  This  is  I 
shown  clearly  by  figure  1,  in  which  the  ^ 
individual  results  recorded  in  the  foregoing  | 
table  are  indicated  by  the  dots,  while  the  | 
lower  curve  of  the  diagram  is  that  rep-  a 
resented  by  the  above  equation.  Of  |. 
course,  considerable  individual  variations  a 
are  to  be  expected,  and  no  particular  sig-  3 
nificance  attaches  to  the  mathematical  form  I 
of  the  curve,  but  it  would  seem  that  we  E 
may  tentatively  use  this  formula  as  ex-  | 
pressing  in  a  broad  general  way  the  aver-  6 
age  protein  growth  at  different  ages.  | 

Gain  of  protein  hy  mature  animals, — ^While  | 
it  is  true  that  the  larger  share  of  the  feed 
protein  supplied  to  a  mature  aiiimal  under- 
goes nitrogen  cleavage,  and  that  conse- 
quently the  protein  katabolism  of  such  an 
animal  is  chiefly  determined  by  the  pro- 
tein supply,  the  statement  that  the  ma- 
ture animal  does  not  produce  protein 
tissue  needs  modification. 

In  the  first  place,  of  course,  the  epidermal 
tissues  (hair,  wool,  etc.,  hoofs,  horns,  and 

«  The  equation  of  a  rectangular  hyperbola. 
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epidermis  proper)  are  continually  growing  and  serve  to  store  up 
a  rather  small  amount  of  nitrogenous  matter.  Henneberg  and 
Stohmann  *  estimate  the  nitrogen  in  the  daily  growth  of  hair  in  cat- 
tle at  1.5  to  4.5  grams,  and  Armsby  and  Fries  ^  have  obtained  cor- 
responding results.  For  sheep,  quite  varying  figures  have  been 
obtained  for  the  growth  of  wool.  Some  few  data  are  also  available 
on  the  growth  of  the  feathers  of  geese. 

In  the  second  place,  the  deposition  of  large  amounts  of  fat  in  the 
body  would  perhaps  involve  the  growth  of  more  or  less  connective 
tissue,  and  while  the  percentage  of  nitrogen  in  fat  tissue  is  small,  it 
is  not  impossible  that  it  may  sensibly  affect  the  nitrogen  balance. 
Thus  if  we  assume  adipose  tissue  to  have  the  average  composition 
shown  on  page  8,  the  formation  de  novo  of  1  kilogram  of  such  tissue 
would  be  equivalent  to  the  storage  of  4.6  grams  of  nitrogen.  To 
what  extent  such  a  gain  of  fat  represents  a  new  growth  of  connective 
tissue  and  to  what  extent  a  storage  of  fat  occurs  in  preexisting 
connective  tissue  there  appear  to  be  no  data  to  decide. 

Finally,  it  should  be  remembered  that  in  many  of  the  older  metab- 
olism experiments  there  is  the  probability  of  some  loss  of  excretory 
nitrogen  having  occurred,  either  through  incomplete  collection  of  the 
excreta  or  especially  by  volatilization  during  the  preparation  for 
analysis.  All  these  factors  are  relatively  small,  however,  but  there 
is  another  and  much  more  important  consideration.  If  we  supply 
a  mature  animal  with  a  diet  deficient  in  protein  or  deprive  it  of 
food  altogether,  it  is  a  familiar  fact  that  it  may  live  and  continue 
to  perform  the  essential  bodily  functions  for  some  time,  while  losing 
daily  a  not  inconsiderable  amount  of  protein.  To  cite  a  single 
striking  example,  Rubner  observed  in  a  fasting  rabbH  up  to  the  time 
of  death,  on  the  nineteenth  day,  a  loss  of  45.2  per  cent  of  the  com- 
puted nitrogen  of  the  body.^  While  this  is  an  extreme  case,  never- 
theless it  is  evident  that  there  must  be  a  relatively  large  loss  of  body 
protein  in  those  more  moderate  cases  in  which  the  deprivation  of 
protein  is  not  continued  so  long  as  to  cause  death.  Furthermore, 
the  losses  occurring  in  these  latter  cases  may  be  made  good  by 
subsequent  feeding  and  the  animal  restored  to  its  original  state. 
Striking  examples  of  the  same  fact  are  familiar  in  the  human  subject 
in  the  emaciation  due  to  long  illness  and  the  restoration  of  the  body 
during  convalescence.  Pugliere  ^  has  shown  that  a  similar  storage  of 
protein  takes  place  rather  rapidly  in  the  liver  when  a  previously 
fasted  animal  receives  feed  again. 


a  Neue  Beitrage,  etc.,  p.  446. 

^  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Industry,  BuUetins  51  and  74. 

c  E.  Voit.     Zeitschrift  ftir  Biologic,  bd.  41,  p.  139. 

d  Jahresbericht  iiber  die  Fortschritte  der  Tierchemie,  bd.  34,  p.  529. 
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In  brief,  it  is  evident  that  the  protein  content  of  the  body  of  the 
mature  animal  may  fluctuate  within  rather  wide  limits  without 
necessarily  causing  any  serious  or  permanent  derangement  of  its 
functions.  We  can  hardly  regard  such  a  fluctuation  as  consisting 
to  any  large  extent  of  an  actual  destruction  and  rebuilding  of  the 
cells  of  muscular  and  other  tissue.  It  seems  more  reasonable  to 
suppose  that  it  is  effected  chiefly  by  changes  in  the  amount  of  cell 
contents — an  alternate  atrophy  and  hypertrophy  of  the  cells  under 
the  influence  of  the  changing  protein  supply.  In  other  words,  as 
regards  its  stock  of  protein,  the  organism  may  exist  and  function  at 
a  higher  or  lower  level — a  conclusion  equivalent  to  Voit's  conception 
of  organized  and  circulatory  protein  in  a  slightly  modified  form. 
With  camivora  on  a  largely  protein  diet,  such  as  was  used  in  Voit's 
experiments,  the  adjustment  of  the  body  to  the  protein  supply  seems 
to  take  place  rather  promptly.  In  the  case  of  herbivora,  however, 
the  adjustment  appears  to  be  more  gradual,  possibly  owing  to  the 
relatively  large  supply  of  nonnitrogenous  ingredients  in  their  food, 
and  apparently  some  gain  of  protein  may  continue  for  a  considerable 
time,  although  when  expressed  as  a  percentage  of  either  the  total 
feed  protein,  or  especially  of  the  body  protein,  the  gain  is  relatively 
small. 

The  following  table  contains  a  summary  of  the  principal  results 
on  record  regarding  the  gain  of  protein  by  mature  animals,  omitting 
several  negative  results.    The  figures  are  exclusive  of  wool  or  feathers. 


Digitized  by  VjOOQIC 


22 


FEEDING  FOR   MEAT  PRODUCTION. 


^2S 


ft 

s 


Bess's 


i§§Siig§iiiigiii§Sii§s3issB§sgi 


r^ciocc+u 


^    U>P4        "^  j      .^ 


npr  ^_ 


^iB§§iiails5il!i£i§§gS^iSiiSiSiSI 


g       CI       (CO 


Digitized  by  VjOOQ IC 


RATE  OP  GROWTH   OF  LEAN   MEAT. 


28 


The  recent  Moeckem  investigations  show  even  smaller  gains  of  pro- 
tein by  mature  fattening  cattle  in  proportion  to  live  weight.  Group- 
ing the  lai^e  number  of  these  experiments  according  to  the  amount 
of  digestible  protein  fed,  we  obtain  the  following  averages: 

Croin  of  protein  by  mature  cattle. 


No.  of  experimentd. 


Average 

live 
weight. 


Kilofframa. 

7 '  m 

14 651 

18 1  667 

11 671 

10 691 


Daily  aver 

Xdigesti- 
protein 
fed  per 
bead. 


Orams. 
343 
485 
713 

1,497 


Daily  aver- 
age gain  of 
nitrogen 
per  head. 


Orams. 
9.53 
8.98 
14.57 
17.22 
1&08 


Daily  gain 
of  protein 

LOoTkllo- 

grania  live 

weight. 


Kilograms. 
0.087 
.082 
.131 
.154 
.157 


Daily  gain 
of  protein 

in  per- 
centage of 
total  Dodv 
protein  .a 


0.0550 
.0518 
.0829 
.0974 


a  Assumed  to  be  15.8  per  cent  of  live  weight. 

Rate  of  growth  of  lean  meat, — Most  of  the  experiments  just  referred 
to  relate  to  the  growth  of  the  total  protein  tissue  of  the  body,  includ- 
ing, besides  the  edible  portion,  the  protein  of  the  skin,  hair,  hoofs, 
horns,  and  other  epidermal  tissue,  of  the  internal  organs,  and  of  the 
skeleton.  While  we  may  fairly  assume  that  the  increase  of  edible 
meat  will  be  in  a  general  way  proportional  to  the  increase  of  total 
protein,  it  is  equally  clear  that  there  may  be  considerable  departures 
from  the  average.  It  is  important,  therefore,  to  inquire  into  the  rate 
of  increase  of  the  edible  portion  of  the  carcass.  Unfortunately,  how- 
ever, the  data  upon  this  point  are  scanty,  owing  to  the  laborious  and 
expensive  nature  of  the  experiments.  About  the  only  results  available 
are  those  of  Henneberg  et  al.  on  lambs  and  on  mature  sheep,  and  those 
of  Jordan  on  steers — that  is,  these  are  the  only  ones  which  permit  of  a 
comparison  of  the  rate  of  growth  of  similar  animals  in  successive 
periods. 

Henneberg's  experiments  on  lambs"  have  been  outlined  on  a 
previous  page.  The  following  table  shows  the  gains  of  fat-free  lean 
meat  in  the  same  experiments,  as  compared  with  the  gains  of  total 
protein,  the  latter  being  computed  from  the  increase  of  the  **  fat-free 
body"  by  multiplication  by  0.205.  The  meat  refers  only  to  the 
meat  of  the  **  butcher's  pieces,"  freed  from  sinews  and  coarser  con- 
nective tissue  by  passage  through  a  meat  grinder. 


o  Journal  fttr  Landwirtschaft,  bd.  28,  p.  289. 
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Gain  of  fat-free  lean  meat  and  total  protein  by  lambs. 


Lot. 


Period. 


land  II.,.. 
Ill  and  IV. 

V 

land  II.... 
illl 


Length  of 
period 


Days, 
203 
260 
176 
189 
147 


Character  of  ration. 


Growing.. 

— do 

Fattening 
. . .  .do  . . . . 
....do..., 


Avei 


age 
anim 


rage 
eoi 


mals. 


Days. 

521 
745 
290 
458 


Gain  per  week  and  head 


Fresh,  fat- 
f  r^e  meat. 


Xilagrams. 
0.114 
.053 
.042 
.130 
.040 


Total  dry 
protein  (es- 
timated). 


KUofframs 

0.066 

.031 

.029 

.077 


In  this  case  the  gain  of  fat-free  lean  meat  was,  in  general,  parallel 
to  the  gain  of  total  protein  (or  more  strictly  to  the  gain  of  the  fat- 
free  body),  diminishing  with  advancing  maturity.  Apparently,  how- 
ever, the  rate  of  gain  of  total  protein  increased  slightly  as  compared 
with  that  of  edible  meat,  as  shown  by  the  following  table  of  the  rela- 
tive gains  in  the  several  periods,  that  on  Periods  I  and  II  being  taken 
as  unity: 

Relative  gains  of  fat-free  lean  meat  and  total  protein  by  lambs. 


Lot. 

Period. 

Fat-free 
lean  meat. 

Total  pro- 
tein. 

(land  II 

Kilograms. 

1.000 
.465 
.368 

1.000 
.306 

KUofframs. 
1.000 

1 1 

Ill  and  IV 

.554 

|v 

.518 

(I  and  11 

1.000 

2 

\III 

.338 

The  experiments  with  mature  sheep  *  were  conducted  upon  substan- 
tially the  same  plan  as  those  with  lambs,  with  the  following  results : 

Gain  of  fat-free  meed  and  total  protein  by  mature  sheep. 


No.  of 
animal. 


Condition  at  close  of 
period. 


Fat 

Very  fat . 
....do... 


Length  of  period. 


70  days 

203  days 

Last  133  days 


Gain  per  week  and  head. 


Fresh,  fat- 
free  meat. 


Kilograms 
-0.015 
-  .008 
+  .020 


Dry,  fat- 
free 
meat. 


Total  dry 
protem  (es- 
timated). 


GfOfn*. 
1.99 
3.99 
6.04 


Kilograms. 
+0.039 
+  .018 
+  .007 


In  no  case  was  there  any  material  gain  in  the  weight  of  fresh,  fat- 
free  meat,  and  while  there  was  a  slight  gain  of  dry  matter  in  the  fat- 
free  meat,  it  was,  in  the  earlier  stages  of  fattening,  much  less  than  the 
computed  gain  of  total  protein.  The  greater  increase  during  the  later 
stages  of  the  experiment  was  due  chiefly  to  an  increase  in  the  nitrog- 
enous extractives  of  the  meat,  particularly  of  the  soluble  protein, 

a  Journal  fttr  Landwirtachaft,  bcl.  26,  p.  549. 
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rather  than  of  its  insoluble  protein,  about  two-thirds  of  the  small 
computed  gain  of  protein  being  in  the  form  first  named. 

Jordan's  experiments  include  a  comparison  of  the  weights  and 
chemical  composition  of  two  pairs  of  animals  at  the  end  of  twenty- 
seven  months*  and  seventeen  months'  feeding,  respectively.  The 
protein  of  the  lean  meat,  after  mechanical  separation  from  the  fat 
tissue,  and  the  total  body  protein  were  as  follows: 

Gain  of  protein  of  lean  meat  and  of  total  protein  by  steers. 


No.  of 
animal. 


Average  age. 


2 1  32  months. 

1 22  months. 


Gain  In  10  months  . 
Gain  per  day 


32  months 
22  months. 


Protein  of 
lean  meat. 

Total  pro- 
tein of 
body. 

Poundt. 

42.13 

137.96 

Pounds. 
167.94 
136.30 

4.17 
.0128 

31.64 
.0971 

43.24 
035.08 

161.38 
126.30 

Gain  in  10  months  . 
Gain  per  day 


8.16 
.0261 


35.08 
.1123 


oNos.  1  and  4  were  somewhat  lighter  animals  than  Nos.  2  and  3.    The  protein  content  has  been  com- 
puted to  the  live  weight  of  the  heavier  animal  In  each  case. 

It  would  appear,  so  far  as  conclusions  can  be  safely  drawn  from 
these  few  results,  that  while  the  gain  of  lean  meat,  like  that  of  total 
protein,  diminishes  with  age,  the  diminution  is  more  rapid  in  the 
former  case  than  in  the  latter.  At  all  ages  the  storage  of  total  pro- 
tein (or,  more  exactly,  the  increase  in  the  fat-free  body)  considerably 
exceeds  the  gain  of  lean  meat  proper,  and  with  increasing  maturity 
this  difference  seems  to  become  relatively  greater. 

INFLUENCE   OF  PROTEIN   SUPPLY   ON   RATE   OP  GROWTH. 

The  essential  feature  of  growth  being  the  increase  in  protein  tissue, 
the  question  is  at  once  suggested  whether  the  rate  of  growth  may  be 
stimulated  or  the  reverse  by  an  abundant  or  limited  protein  supply  in 
the  feed. 

As  regards  the  latter  branch  of  the  question,  it  is  self-evident  that 
if  the  feed  contains  less  digestible  protein  than  corresponds  to  the 
normal  rate  of  growth,  the  latter  must  be  diminished  by  simple  lack 
of  material.  A  considerable  number  of  feeding  experiments  have 
been  made  with  growing  animals,  notably  with  swine,  in  which  the 
character  of  the  carcasses  produced  on  rations  poor  and  rich  in  pro- 
tein (the  so-called  **  feeding  for  fat  and  for  lean'O  has  been  compared. 
In  few  or  none  of  these  experiments  has  the  actual  increase  of  pro- 
teid  tissue  been  determined,  but  in  a  majority  of  them  there  has 
appeared  to  the  eye  a  deficiency  in  the  development  of  the  muscular 
system  on  the  protein-poor  rations,  accompanied  usually  by  a  relative 
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excess  of  fat.  The  results  of  Fuller"  upon  young  pigs  appear 
to  show  in  a  very  striking  manner  the  effect  of  a  deficient  protein 
supply  in  limiting  growth,  but  the  presence  of  intestinal  worms  in 
large  numbers  in  the  corn-fed  lot  detracts  from  the  force  of  the  con- 
clusions. Moreover,  there  are  not  lacking  indications  that  in  some 
of  the  other  experiments  the  deficiency  of  lean  meat  and  excess  of 
fat  were  more  apparent  than  real,  and  that  the  distribution  of  the 
fat  in  the  carcasses  rather  than  its  amount  was  the  controlling  factor 
in  their  commercial  valuation. 

When  we  ask,  however,  whether  the  rate  of  growth  can  be  stimu- 
lated by  an  abimdant  protein  supply,  the  answer  is  not  so  easy. 
Evidently  we  can  not  readily  compare  results  on  the  same  animal  at 
different  ages  on  account  of  the  marked  influence  of  the  latter  factor 
on  the  rate  of  gain,  while  comparisons  between  two  animals  or  lots 
are  liable  to  be  disturbed  by  the  factor  of  individuality.  Moreover, 
aside  from  these  difficulties,  there  is  no  obvious  way  of  determining 
what  is  to  be  regarded  as  a  normal  rate  of  growth  or  whether  the 
protein  supply  of  the  check  animal  or  lot  has  been  sufficient  to 
enable  it  to  rea'ch  this  normal  rate.  A  review  of  such  of  the  experi- 
ments cited  in  connection  with  the  discussion  of  the  influence  of  age 
on  protein  metabolism  as  afford  data  bearing  on  this  point  seems  to 
indicate  that  there  may  be  some  stimulative  effect  of  thi^  sort.  In 
most  cases  the  greater  absolute  and  relative  gain  of  protein  is  found 
in  those  animals  receiving  the  greater  amount  of  protein  in  their  feed. 
The  most  marked  instances  are  Soxhlet's  results  with  calves,  Henne- 
berg's  with  lambs,  and  Jordan's  with  steers.  In  all  these  cases  the 
more  liberal  protein  supply  seems  to  have  hastened  growth  in  the 
earlier  periods,  while  in  the  later  periods  the  growth  was  less  than  on 
the  lower  protein  supply.  This  is  true  also  of  the  averages  of  the 
Moeckern  experiments  on  mature  animals,  cited  on  a  previous  page. 

The  effect,  however,  was  in  nearly  all  cases  relatively  small.  The 
fact,  pointed  out  in  the  same  discussion,  that  an  abundant  protein 
supply  may,  for  a  time  at  least,  cause  more  or  less  storage  of  protein 
in  mature  animals  points  in  the  same  direction.  Such  storage  was 
there  interpreted  as  probably  consisting  chiefly  in  a  hypertrophy  of 
the  cells.  There  seems  no  obvious  reason  why  the  same  effect  may 
not  be  produced  in  growing  animals,  and  it  is  easy  to  imagine  that  a 
surplus  of  protein  in  the  contents  of  the  cell  may  tend  to  stimulate 
the  growth  of  the  bioplasm  itself. 

Abderhalden  *  has  shown  that  the  rate  of  growth  of  different 
species  of  animals  is  quite  closel}^  parallel  to  the  percentage  of  pro- 
tein in  the  milk,  but,  as  Minot  ^  points  out,  this  is  in  all  probability 

«  Wisconsin  Experiment  Station,  Report  21  (1903-4),  p.  25. 
^  Zeitschrift  Physiologische  Chemie,  Ixl.  26,  p.  497. 
c  Loc.  cit. 
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the  result  of  an  adaptation  of  the  composition  of  the  milk  to  the 
demands  of  the  young  animal,  the  rate  of  growth  being  cause  and 
not  consequence. 

It  would  seem,  then,  that  we  may  regard  each  animal  as  endowed 
with  a  certain  normal  rate  of  growth.  A  liberal  supply  of  protein 
may  perhaps  stimulate  this  rate  of  growth  somewhat,  resulting,  for 
a  time  at  least,  in  a  greater  storage  of  protein,  and  perhaps  a  tend- 
ency to  earlier  maturity,  although  it  seems  unlikely  that  the  effect 
can  be  great.  On  the  other  hand,  it  appears  reasonably  certain  that 
the  rate  of  growth  may  be  materially  reduced  by  a  deficiency  of 
protein  in  the  ration,  even  when  this  deficiency  is  not  so  great  as  to 
result  in  any  obvious  disturbance  of  the  bodily  functions  or  even  a 
greatly  diminished  gain  in  live  weight. 

PROTEIN    REQUIREMENTS. 

In  the  foregoing  paragraphs  have  been  outlined  the  general  fea- 
tures of  the  production  of  protein  tissues  in  the  growing  animal.  We 
next  inquire  what  quantities  of  protein  are  required  in  the  feed  to 
insure  the  '* normal"  rate  of  growth. 

Requirements  for  grouuth.—iyhviously,  the  feed  must  contain  at 
least  an  amount  of  protein  equal  to  that  stored  as  growth.  This 
amount  per  1,000  pounds  live  weight  can,  as  we  have  seen,  be  roughly 
and  approximately  expressed  by  the  equation 

135^ 
^  a  +  20' 
While  the  rate  of  growth  doubtless  shows  considerable  variation  in 
different  individuals,  the  diagram  already  presented  seems  to  justify 
us  in  regarding  the  figures  thus  obtained  as  representing  fairly  well 
the  '* normal"  rate  of  growth,  for  which  proteid  material  must  be 
provided. 

Requirements  for  maintenance. — In  addition  to  the  protein  required 
for  growth,  the  feed  must  supply  sufficient  protein  to  make  good  the 
katabolism  of  this  material  which  is  constantly  going  on  in  living 
tissue;  that  is,  it  must  contain  the  minimum  of  protein  required  for 
maintenance.  For  mature  cattle  this  appears  to  be  from  0.4  to  0.6 
poimd  per  day  per  1,000  poimds  live  weight,  or  perhaps  0.5  pound  as 
a  general  average.  For  mature  sheep  the  current  feeding  standards 
call  for  1.2  to  1.4  pounds  per  1,000  pounds  live  weight,  but  there  is  little 
doubt  that,  like  the  current  standard  for  cattle,  this  is  too  high.  The 
average  growth  of  wool  per  day  would  scarcely  amount  to  more  than 
0.15  pound  of  protein  per  1,000  pounds  live  weight,  and  even  if  we 
assume  the  protein  metabolism  of  sheep  to  be  more  active  than  that 
of  cattle  it  would  seem  that  0.75  to  0.80  pound  per  day  would  be  an 
ample  allowance  for  maintenance.  For  swine  no  data  seem  to  be 
available. 
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The  above  statements  refer  to  the  maintenance  requirements  of 
mature  animals.  Whether  the  same  figures  apply  substantially  to 
growing  animals,  or  whether  their  necessary  protein  metabolism,  like 
their  total  metabolism,  is  more  active,  relatively  to  their  weight,  is 
largely  a  matter  of  conjecture.  Assuming,  for  the  time  being,  that 
the  former  is  the  case,  and  letting  m  equal  the  daily  protein  require- 
ment for  maintenance  and  p  equal  total  protein  requirement,  the 
formula  above  becomes 

135 


P 


.+  m. 


a  +  20 

Is  protein  required  for  other  purposes? — If  we  computed  the  average 
protein  requirements  at  different  ages  by  means  of  the  foregoing 
formula,  letting  m  equal  0.50,  we  obtain  results  differing  most  strik- 
ingly from  accepted  figures,  as  the  following  comparison  of  the  com- 
puted results  with  the  Wolff-Lehmann  and  with  Kellner's  standards 
for  beef  cattle  makes  evident. 

Protein  requirement  of  cattle  per  1 ,000  pounds  live  weight. 


Age. 

Computed 

from 
formula. 

Wolfl- 
Lehmmnn 
standards. 

Kellner's  standards. 

MUking 
and  work- 
ing 
animals. 

Fattening 
animals. 

Months. 
2to3.... 
3to6..-. 
«tol2... 
12  to  18.. 
18  to  24.. 

Pounds. 
1.92 
1.37 
.97 
.79 
.71 

Pounds. 
4.3 

as 

2.5 
2.0 

1.8 

Pounds 
Z.4 
2.8 
Z3 
1.8 
1.3 

Pounds. 
4.5 

as 

2.8 
2.2 
1.5 

The  foregoing  comparison,  however,  simply  shows  that  the  com- 
puted amoimts  of  protein  are  only  about  one-half  those  thought 
to  be  advisable  in  practice,  without  in  itself  affording  any  proof  that 
the  latter  estimates  are  too  high.  As  a  matter  of  fact,  w^hile  more 
recent  investigation  has  shown  that  the  Wolff-Lehmann  standards  for 
protein  are  unnecessarily  high  for  mature  or  nearly  mature  animals, 
the  same  thing  does  not  seem  to  be  true  of  the  standards  for  growth, 
as  appears  from  the  comparisons  summarized  on  page  71. 

It  is  quite  conceivable  and  indeed  probable  that  the  growing  body 
has  other  demands  for  protein  than  those  just  indicated.  Thus, 
there  may  very  well  be  a  considerable  necessary  margin  of  waste 
in  the  conversion  of  feed  protein  into  body  protein.  So,  too,  the 
digestion  of  the  relatively  large  amount  of  feed  constituting  a  grow- 
ing or  fattening  ration,  as  compared  with  a  maintenance  ration, 
would  apparently  call  for  a  larger  production  of  digestive  enzymes, 
which  are  doubtless  protein  in  nature.  The  extent  of  this  demand, 
however,  and  the  degree  to  which  the  secreted  enzymes  are  reabsorbed 
are  largely  matters  of  speculation.  It  seems  possible  that  part  of  the 
''depression"  of  digestion  with  rations  poor  in  protein  may  arise  from 
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deficient  digestive  ferments.  At  any  rate,  the  inferior  digestibility 
of  such  rations  is  a  factor  in  the  practical  economy  of  feeding. 

Finally,  the  processes  both  of  growth  proper  and  of  fattening 
involve  a  large  amount  of  metabolic  activity  in  the  body.  But  a 
relatively  small  portion  of  the  metabolizable  energy  of  the  feed  is 
finally  stored  up  in  the  body,  the  larger  share  of  the  matter  bearing 
it  being  katabolized,  and  its  energy  finally  liberated  as  heat.  It 
seems  quite  in  accord  with  what  we  know  of  the  katabolic  activity 
of  the  cells  and  tissues  of  the  body  to  suppose  that  this  increased 
activity  on  their  part  may  involve  an  increased  breaking  down  of 
their  protein  as  well  as  of  their  nonnitrogenous  constituents,  and 
so  give  rise  to  a  corresponding  demand  for  protein  in  the  feed. 

Unfortunately,  few  or  no  experiments  directed  specifically  to  the 
determination  of  the  necessary  minimum  of  protein  for  animals  of 
different  species  and  of  different  ages  are  on  record,  so  that  for  prac- 
tical purposes  we  are  compelled  to  glean  such  information  as  we  can 
on  this  point  from  practical  feeding  experiments  in  which  the  protein 
supply  has  varied.  These  data  will  be  considered  later  in  another 
connection. 

INDIVIDUAL  DIFFERENCES. 

It  is  a  matter  of  common  experience  that  there  exist  marked  differ- 
ences between  individuals  of  the  same  species  both  as  to  the  weight 
finally  attained  by  the  mature  animal  and  as  to  the  rate  of  growth  at 
the  same  age. 

We  should  naturally  be  inclined  to  interpret  this  fact  as  indicating 
corresponding  individual  differences  in  the  rate  of  gain  of  proteid 
tissue,  but  the  wTiter  is  not  aware  of  any  recorded  experiments  bear- 
ing specifically  on  this  point.  It  is  true  that  the  quality  of  early 
maturity  is  popularly  attributed  to  the  meat  breeds,  but  as  regards 
cattle  at  least  Henry"  has  shown  that  the  data  at  hand  fail  to  prove 
that  the  beef  breeds  as  such  show  a  greater  rate  of  gain  in  live  weight 
or  a  greater  weight  at  maturity  than  do  the  dairy  breeds.  If  we  are 
correct  in  ascribing  the  individual  differences  noted  above  to  variations 
in  the  rate  of  growth  of  protein  tissue,  it  would  seem  to  open  up  a 
field  for  investigation  of  the  highest  interest  to  the  breeder  and  feeder. 

LAWS   OF   FATTENING.     * 

As  already  pointed  out,  fattening  is,  strictly  speaking,  as  the  word 
implies,  the  accumulation  of  adipose  tissue  in  the  body,  resulting  in 
or  at  least  accompanied  by  an  improvement  in  the  quality  of  the  lean 
meat.  Such  a  gain  of  fat  by  the  animal  of  course  implies  an  excess 
of  feed  over  the  requirements  for  maintenance  and  for  normal  growth 
of  protein  tissue,  and,  conversely,  any  period  of  heavy  feeding  will 
cause  a  fattening  whether  the  animal  be  young  or  mature. 

«  Feeds  and  Feeding,  second  edition,  p.  374. 
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For  our  present  purpose  it  will  be  convenient  to  use  the  term  fat- 
tening more  nearly  in  its  commercial  sense  as  denoting  heavy  feed- 
ing, whether  of  mature  or  immature  animals,  for  the  production  of 
marketable  carcasses. 

COMPOSITION   OF  INCREASE. 

The  amount  of  protein  gained,  as  has  been  shown,  is  largely  depend- 
ent upon  the  age  and  to  a  less  degree  upon  the  individuality  of  the 
animal,  although  probably  affected  to  some  extent  by  the  supply  of 
feed  protein.  The  fat  formation,  on  the  other  hand,  is  primarily 
dependent,  in  a  broad  general  way  at  least,  upon  the  total  feed  supply. 
Accordingly,  we  should  anticipate  that  the  composition  of  the 
increase  would  vary  with  the  age  of  the  animal,  consisting  more  and 
more  largely  of  fat  with  increasing  maturity. 

Proportion  of  protein  and  fat, — From  this  point  of  view  the  nature 
of  the  increase  is  best  characterized  by  the  ratio  of  protein  to  fat — 
.that  is,  by  the  composition  of  the  water-free  and  ash-free  gain,  leav- 
ing for  later  consideration  the  actual  composition  of  the  total 
gain  in  live  weight.  It  seems  desirable  also  to  distinguish,  so  far  as 
possible,  between  the  gain  of  protein  in  the  form  of  lean  meat  or  of 
the  soft  tissues  and  that  in  the  form  of  epidermal  tissues  (hair,  feath- 
ers, hoofs,  horns,  etc.)-,  although  as  a  matter  of  fact  the  proportion 
in  the  latter  is  relatively  slight  except  in  a  few  experiments  with 


The  following  tabulation  contains  the  results  of  the  experiments 
accessible  to  the  writer  which  afford  more  or  less  complete  data  as  to 
the  composition  of  the  increase.  Those  on  growing  animals  are 
arranged  roughly  according  to  age. 

Proportion  of  protein  and  fat  in  the  gains  made  by  growing  and  mature  animals, 
GROWING  ANIMALS. 


Author.         1  Nature  of  experinientH. 


I 


Designation  of  animal 
or  period. 


Average 
age. 


Wilson f'ffi^n'^i^f'*'''"' 


Tschlrwlnsky. . 


fComparative  slaughter 
'  \    tests  on  pigs. 


""k e?S ^  V/d    Icomparativeslaughter 
Wattenbcfrg"!^  ir    t.sts  on  lambs. 


I 


Jordan. 


Comparative  slaughter 
test  on  cattle. 


Skim  milk , 

Lactose , 

Dextroses , 

B  1 

B2 

C 

fNo.3 

1No.2 

Lotl: 

Periods  I  and  II. . 

Periods  III  luid 
IV. 

Period  V 

Lot  2: 

Periods  I  and  II. . 

Perlodlll 

Average 


8  days 

8  days 

8  days 

15  days 

21  days 

8  days 

114  davs... 
134  days... 


290  days. 
521  days. 


Composition  of  drv 
and  ash -free  in- 
crease. 


Pro- 
tein of 
epi- 
der- 
mis. 


Re- 
main- 
der of 

pro- 
tein. 


Fat. 


Percent. 

92.50 

9L08 

91.35 

64.57 

49.90 

56.42 

0. 10       18. 19 

.  16       15. 16 


745  days. 


a  21. 21 
a  9. 31 


07.34 


290  days oia08 

458  days oa40 

840days i    25.06 


P.ct. 
7.50 
&92 
&65 
45.43 
50.10 
43.58 
81.71 
84.68 

7a  79 
9a  69 

92.66 

83.92 
93.60 
74.94 
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Proportion  ofj»roUin  and  fat  in  the  gains  made  by  growing  and  mature  anftina2»— Cont'd. 

MATURE  ANIMALS. 


Author. 


Hennoberg. 

FleiBchor,  and 

MtUler. 
Henneberg, 

Kern,   and 

Wattenbeig. 
Soxhlet 


B.  Scbulze. 


ChanlewBki. 


Meissletal.. 


Lawes  and  Gil- 
bert. 


Natureof  experiments.  I  ^^^^^^^'"^^ 


Respiration  ex  peri-    Period  I. 
ments  on  sheep. 


Comparative  slaughter 
tests  on  sheep. 


^/Comparative  slaughter  /No.  1 
1    tests  on  swine.  iNo.  2 

No.  1 


/Comparative  slaughter 
i   tests  on  geese. 


..do 

fBsplratlon  experi- 
ments on  swine. 

Comparative  slaughter 
tests. 


No.  6 

No.  8,  total 

No.  %,  last  period . 


Average 
age. 


4  years.. 


No.  2 

No.3 

No- 4 

No.5 

No.6 

/No.2 

lNo.3 

^No.l 

No.2 

No.3 

No.  4 

Average  for  cattle, 
sheep,  and  swine. 


2f  years 

I6i  months 


%  months . 


5^> 

(T) 

14  months . 
16  months . 
14  months . 
18  months . 


Composition   of  dry 
and    ash  -  free    in- 


Pro- 

teinof 

epi- 

der- 


Re- 

main- 
derof 
pro- 
tein. 


Percent 

4.26 


i.eo 

7.53 
-  .^ 
-1.46 
-4.71 
1.88 
&39 
&44 


36.48 
11.26 


3.84 
3.71 
3.26 


9.76 
ia67 
16w3B 
15.16 

9.67 


ia90 
-1.94 
8.57 
6.33 
9.41 
2.58 
1.06 
-5.30 


Fat. 


P,cL 
96.74 


9&16 
96.29 
96.74 
64.62 
88.74 
87.32 
109.47 
91.50 
95.13 
86.88 
96.53 
9a  56 
96.86 
9a  25 
89.33 
83.61 
84.84 
9a  S3 


o Computed  from  "fat-free  body." 

In  addition  to  the  above,  Kiihn's  and  Kellner's  extensive  investiga- 
tions at  the  Moeckem  Experiment  Station  call  for  special  consideration. 
These  were  respiration  experiments  on  mature  cattle,  the  actual 
experimental  periods  ranging  from  two  to  four  weeks,  but  not  usually 
less  than  three,  the  periods  not  infrequently  being  separated  by  tran- 
sition feedings  of  two  or  three  weeks. 

Out  of  all  the  experiments,  60  in  number,  which  show  a  gain  of  both 
protein  and  fat,  only  3  show  less  than  70  per  cent  fat  in  the  total  gain 
and  only  3  a  percentage  above  95.  Rejecting  these  6  and  grouping 
the  remainder  according  to  the  percentage  of  fat,  we  have  the  follow- 
ing results: 

Results  of  respiration  experiTnents  with  mature  cattle  at  the  Moeckem  Experiment  Station. 


Group  No. 


Number 
of  exper- 
iments. 


protein    \^if^{^ 


fed. 


gain. 


Composition  of 
dry  ash-free  gain. 


Total 
protein. 


Fat. 


Average 
total  en- 
ergy of 
gain. 


Metaboliz- 
ableen- 
of 


I.. 
II- 
III 
IV 
V. 


Qrams. 
822 
820 
508 
1,064 
644 


70-74.99 
76—79.99 

oIa'    v94«  ifir 

85-^89.99 


Percent.  Percent. 
26.25  ;  73.75 
23.30  76.70 

17.17  ,        82.83 
12.55  87.45 

8.06  91.94 


OoUariet. 

3,858 
3,771 
4,445 
6,288 
6,185 


OoUories. 
21,519 
21,210 
21,762 
26,483 
25,783 
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The  actual  gains  of  protein  and  fat  per  day  and  head  were  as  fol- 
lows: 

Actual  gain  of  protein  and  fat  per  day  and  head. 


Group  No. 

Protein. 

Fat. 

I           

Orams. 
119.1 
90.0 
81.6 
87.5 
53.3 

Cframs. 
334.8 
296.3 
393.3 
609.5 
606.0 

II 

Ill 

IV 

V 

It  is  evident  from  the  foregoing  tables  that  the  gain  of  organic  mat- 
ter by  the  fattening  animal  consists  chiefly  of  fat  except  in  the  case 
of  the  very  young  animal.  In  but  few  cases  does  the  percentage  of 
fat  in  the  organic  matter  gained  fall  below  80,  and  in  the  majority  of 
cases  it  ranges  between  80  and  90. 

Composition  of  total  increase. — From  such  of  the  foregoing  experi- 
ments as  admit  of  it,  the  composition  of  the  total  increase  in  Hve 
weight  has  been  computed,  with  the  following  results: 

Composition  of  total  increase  in  live  weight  in  growing  and  mature  animals. 

GROWING  ANIMALS. 


Author. 


Designation  of  animal 
or  period. 


Wilson 

Soxhlet 

Tschirwlnsky 


Henneberg,   Kern, 
and  Wattenberg. 


Jordan  «. 


Skim  milk 

Lactose 

Dextrose 

B.l 

B.2 

C 

No.3 

No.2 

Lot  I: 

Periods  I  and  II 
Periods  III  and  IV 
Period  V 

Lot  II: 

Periods  I  and  II 
Period  III 

Average 


Average 
age. 


8  days 

8  days 

8  days 

15  days 

21  days 

8  days 

114  days 

134  days 

290  days 

521  days 

745  days 

290  days 

458  days 

840  days 


Compositioi 

1  of  incn 

'^    IfTWo. 

Water.    Ash.       ^^^ 

Fat. 

gram  of 
Increase. 

Per  ct. '  Per  ct.    Per  ct. 

Perct. 

Calories. 

80.08     a  0.03       18.40 

1.49 

1.191 

78.91     aL42,     17.92 

L75            1,188 

79.44     a  1.62  1     17.30 

1.64  ,          1.142 

6L28  1      3.63 

19.15 

15.94 

2,606 

62. 13  '      3. 50 

17.15 

17.22 

2,614 

62.55  •      3.35 

19.24 

14.86 

2,508 

46.51  '      3.73 

9.10 

40.66 

4,382 

34.23  '      2.24 

9.73 

53.80 

6,666 

43.84 

b  11.31 

44  85 

4,906 

27.27 

b  7.03 

66.70 

6,643 

22.18 

b5.72 

72.10 

7,175 

38.41 

6  9.91 

5L68 

5,476 

la  03              5  4. 13 

79.84 

7,a20 

39.65  1      6.18  1    13.57 

40.60 

4,630 

MATURE  ANIMALS. 


Hennelierg,    Kern, 
and  Wattenberg. 

Soxhlet 

B.  Schulze 

Chaniewski 

Lawes  and  Gilbert . . 


2  J  years 

16*  months.  . 


-9  months... 


No.  6 

No.  8  (toUl) 

No.  8  (last  period) 

/No.l , 

iNo.  2 16i  months.. 

No.l 

No.2 1 

No.3 1 .^_       I 

No.  4 

No.5 

No.  6 

/No.2 (?) 

\No.3 (?) 

Average    for    cattle 
sheep,  and  swine. 


13.00 
12.48 
11.23 


58.96 
35.99 
46.53 
35.00 
33.12 
23.79 
47.28 
36.65 
42.92 
25.37 
23.80 


3.17 
3.62 
1.01 
2.15 
1.46 
1.62 
a69 
0.30 
2.21 
0.54 
1.10 


63.35 

83.65 

63.23 

84.27 

62.90 

85.87 

13.42 

24.45 

a8o 

53.59 

6.65 

45.81 

-5.96 

68.81 

5.56 

59.86 

3.63 

70.96 

7.35 

44.68 

2.82 

60.23 

6.20 

49.67 

0.84 

73.25 

7.26 

67.80 

8,138 
8,190 
8,323 
3,088 
5,479 
4,731 
6,197 
6,004 
6,249 
4,664 
6.883 
5.015 
7,007 
7,055 


a  By  difference. 

6  Computed  from  "fat-free  body." 

c  The  figures  differ  slightly  from  those  computed  by  the  author. 
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The  most  obvious  showing  of  this,  as  of  the  previous  tabulations,  is 
the  wide  range  in  the  composition  of  the  increase.  Even  aside  from 
the  very  young  animals,  in  which  the  gain  consists  chiefly  of  water  and 
protein,  we  see  that  the  percentage  of  dry  matter  in  the  gain  and  the 
proportions  of  fat,  protein,  and  ash  in  the  latter  vary  within  wide 
limits.  It  is  very  clear  that  a  pound  of  gain  in  weight  may  require  a 
very  different  food  expenditure  for  its  production  in  different  cases, 
and  is  an  exceedingly  variable  standard  by  which  to  measure  the 
effects  of  a  ration. 

Influence  of  progressive  fattening. — ^The  results  just  cited,  in  most 
cases,  are  either  those  of  an  entire  fattening  period,  or  else,  especially 
in  the  case  of  the  respiration  experiments  (including  the  Moeckem 
experiiments),  those  of  a  short  period  of  feeding  with  at  most  only 
moderately  fat  animals. 

It  would  appear  probable  that  with  the  progress  of  the  fattening  the 
proportion  of  protein  stored  would  tend  to  decrease,  and  that  the  gain 
would  consist  to  an  increasing  extent  of  fat.  This  supposition  is  con- 
firmed by  the  results  of  Ilenneberg  et  al.  on  lambs  and  sheep  (included 
in  the  foregoing  tables),  but  these  appear  to  be  the  only  data  bearing 
on  this  point.  Their  results  on  lambs  show  a  marked  diminution  in 
the  percentage  of  water  in  the  gain,  a  result  which  corresponds  to  the 
general  showing  of  the  last  table  and  with  the  well-known  fact  that 
the  bodies  of  young  animals  contain  a  higher  percentage  of  water  than 
do  those  of  mature  animals.  The  proportion  of  protein  in  the  dry 
matter  of  the  gain  decreases  notably,  while  that  of  fat,  of  course, 
increases  correspondingly.  In  the  mature  sheep  there  is  also  a  falling 
off  in  the  percentage  of  water  and  protein  and  an  increase  in  that  of 
fat,  in  the  later  stages  of  fattening,  but  the  differences  are  relatively 
small  and  perhaps  within  the  limits  of  error  of  such  experiments. 

Energy  value  of  increase, — The  wide  range  of  composition  shown  by 
the  gain  in  Kve  weight  has  already  been  commented  upon.  It  is  of 
some  interest,  however,  to  reduce  these  results  to  a  common  measure 
by  computing  the  energy  value  of  the  increase.  Estimating  5.7 
calories  per  gram  of  protein  and  9.5  calories  per  gram  of  fat,  the  com- 
puted energy  values  per  kilogram  of  gain  are  as  shown  in  the  last 
column  of  the  preceding  table. 

INFLUENCE   OP  FATTENING  ON  COMPOSITION  OP  LEAN  MEAT. 

As  has  been  already  pointed  out,  the  accumulation  of  adipose 
tissue  in  the  fattening  process  appears  to  be  of  secondary  importance, 
the  main  object  being  to  improve  the  quality  of  the  lean  meat.  It 
becomes  of  interest,  therefore,  to  inquire  what  chemical  or  other 
differences  exist  between  the  meat  of  lean  and  of  fat  animals.  Com- 
paratively few  data  are  available  upon  this  point,  but,  nevertheless, 
some  interesting  indications  may  be  foimd. 
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In  Henneberg's  experiments  on  sheep,**  the  meat,  after  trimming 
off  as  much  fat  as  practicable,  was  ground,  the  coarser  connective 
tissue  being  removed  in  the  process.  This  *'meat"  contained  in  the 
water-free  substance : 

Relative  proportion  of  fat  and  fat-free  vieai  in  the  lean  meat  of  sheep. 


Fat 

Fat-free  meat. 


Total. 


Sheep  No. 

18  (lean). 

Sheep  No. 
6  (fat). 

Sheep  No. 
8  (very  fall. 

Percent. 
24.87 
75.13 

Percent. 
15.04 
84.96 

PercenL 

16.27 
83.73 

100.00 

100.00 

100.00 

The  meat  of  sheep  No.  18  was  not  trimmed  and  there  is  no  guaranty 
of  uniformity  of  trimming  in  the  other  two  cases. 

The  composition  of  the  fresh  fat-free  meat  of  sheep  No.  8  and  No. 
18  was  as  follows: 

Composition  of  fresh  fat-free  meat  of  sheep. 


Water 

Insoluble  protein. 

Extractives: 

Protein 

Nonprotein... 
Aah 

Total 


1  Sheep  No. 
J  18  (lean). 

Sheep  No. 
8(verylal) 

1 

,  Percent. 

. '           79. 41 

Per  cent. 

79.02 

15.85 

15.73 

1.29 

1.93 

2.18 

2.17 

1.27 

1  15 

4,74 

5.25 

'          100.00 

100.00 

There  was  evidently  an  increase  in  the  extractives  of  the  fat-free 
meat  and  a  corresponding  decrease  in  the  percentage  of  water,  while 
the  proportion  of  insoluble  protein  (muscular  fiber)  is  practically 
unchanged.  Comparing  the  absolute  amounts  contained  in  the 
bodies  of  the  two  animals,  the  computed  gain  during  fattening  was — 

Grams. 

Insoluble  protein 38. 7 

Extractives: 

Protein 82.0 

Nonprotein 4.  2  ^  77. 0 

Ash -9.2 


Total. 


115.: 


Henneberg^s  experiments  on  lambs,*"  computed  in  the  same  man- 
ner as  those  upon  sheep,  give  the  following  as  the  composition  of  the 
trimmed  butcher\s  cuts: 

«  Journal  ftir  Landwirtschaft,  bd.  26,  pp.  585-611. 
b  Ibid.,  bd.  28,  pp.  359-377. 
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Relative  proportion  o/f<U  and  fat-free  meat  in  the  lean  meat  of  lamhs. 


36 


!  Fat-free 
1    meat, 
;    fresh. 

Fat. 

Lotl: 

Rfirfnnltig  ftf  PftrioH  T 

Percent. 
88.16 

Percent 
11.84 

87.38 

12.62 

End  of  Period  IV 

8a  24 

19.76 

End  of  Period  V 

81.28 

18.72 

Lot  2: 

End  of  Period  11 

84.72 

15.28 

End  of  Period  III 

7S.M 

24.47 

If  we  may  assume  that  the  trimming  of  the  meat  was  uniform, 
there  is  shown  cleariy  an  increase  in  the  fat  content  of  the  meat,  both 
during  growth  and  during  the  fattening  of  lot  2,  but  the  fattening 
period  (V)  for  lot  1  shows  no  increase  over  the  preceding  period. 

The  composition  of  the  fat-free  meat  was  as  follows: 

Composition  offatrfree  meat  of  lamhs. 


Lotl. 

Lot  2. 

Beginning 
ofPeriodl. 

End  of 
Period  II. 

End  of 
Period  IV. 

End  of 
Period  V. 

End  of    1     End  of 
Period  II.  '  Period  III. 

Insoluble  protein 

Percent. 
14.89 
1.56 
1.44 
1.10 

Percent 
15.12 
1.72 
1.74 
1.07 

Percent. 

15.74 

1.63 

2.14 

1.14 

Per  cent. 
15.90 
1.90 
2.40 
1.20 

Percent 

14.86 

2.16 

1.66 

Lll 

Percent. 
15.65 

Soluble  protein 

Nonprotein 

Aah 

2.16 
1.84 
1.18 

Total  dry  matter 

Water 

18.99 
81.01 

19.65 
80.35 

20.65 
79.35 

21.40 
78.60 

19.79 
80.21 

20.83 
79.17 

Total  extractives 

100.00 
4.10 

100.00 
4.53 

100.00 
4.91 

100.00 
5.50 

100.00 
4.93 

100.00 
5.18 

There  is  evident  in  both  lots  an  increase  in  the  percentage  of  dry 
matter  in  the  fat-free  meat,  but  there  seems  to  be  no  marked  diflfer- 
ence  in  this  respect  between  the  eflfects  of  the  growing  rations  of  lot 
1  in  the  first  four  periods  and  those  of  the  fattening  ration  of  lot  2 
and  of  lot  1  in  Period  V.  The  increase  in  the  percentage  of  extract- 
ives was  relatively  greater  than  in  that  of  the  insoluble  protein,  as 
the  following  computation  of  the  composition  of  the  dry  matter 

shows: 

Composition  of  dry  matter  of  fat-free  m£at  of  lambs. 


Lotl. 

Lot  2. 

In  fat-free  dry  matter. 

Beginning 
of  Periodl. 

End  of 
Period  11. 

End  of 
Period  IV. 

End  of 
Period  V. 

End  of 
Period  II. 

End  Of 
Period  IIL 

Insoluble  protein 

Per  cent. 
78.42 
8.21 
7.58 
5.79 

Per  cent. 

76.95 

&75 

8.85 

5.45 

Per  cent. 
76.23 

7.89 
10.36 

5.52 

Per  cent. 
74.30 
8.88 
11.21 
5.61 

Per  cent. 
75.10 
10.90 
8.39 
5.61 

Per  cent. 
75.13 

Soluble  protein 

10.37 

Nonprotein 

8.83 

Ash.. 

5.67 

Extractives 

100.00 
21.58 

100.00 
23.05 

100.00 
23.77 

100.00 
25.70 

100.00.            100.00 
24. 90                24. 87 
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The  fattening  appears  to  have  caused  some  increase  in  the  total 
extractives  as  compared  with  the  growing  rations.  The  difference 
is  due  to  a  somewhat  marked  increase  in  the  soluble  protein  in  lot  2, 
while  the  nonprotein  shows  a  relative  decrease.  The  final  fattening 
of  lot  1  also  caused  an  increase  in  the  extractives  rather  than  in  the 
insoluble  protein,  this  increase,  however,  being  chiefly  in  the  non- 
protein. 

In  Jordan's  experiments,^  we  have  data  as  to  the  composition  of 
the  trimmed  lean  meat  of  the  carcasses  of  two  steers  about  22  months 
old  and  of  two  about  30  months  old,  as  follows: 

Composition  of  fresh  lean  meat  of  steers. 


^Vnimals. 

Water. 

Per  cent. 
70.ft5 
69.07 

Protein. 

Fat. 

Aah. 

Steers  22  months  old: 

No.  1 • 

Per  cent. 
19.54 
20.11 

Percent 

8.58 
9.83 

Percent 
a93 

No.  4 

.99 

Average 

70.01 

19.83 

9.20 

.96 

Steers  32  months  old: 

No.  2 

69.80 
70.37 

18.74 
19.86 

10.52 
8.81 

.94 

No.  3 

.96 

Average 

70.09 

19.30 

9.66 

.95 

These  figures  show  very  little  difference  in  the  composition  of  the 
meat  of  the  two  sets  of  animals,  but  it  is  to  be  noted  that  the  rations 
fed  were  growing  rather  than  fattening  rations.  The  comparison  on 
page  17  shows  that  even  during  the  last  ten  months  considerable 
growth  took  place. 

Leyder  and  Pyro  ^  report  the  following  figures  for  the  composition 
of  lean  meat  from  different  cuts  of  beef.  The  ash  is  assumed  as  1 
per  cent  in  everj^  case,  and  the  remainder  of  the  fat-free  dry  mat- 
ter is  regarded  as  protein. 

Composition  of  lean  meat  from  various  cuts  of  beef 


Neck: 

Water. 
Ash.... 
Fat.... 
Protein 

U«g: 

Water. 

Aah 

Fat 

Protein 


a  Maine  Exx)erimcnt  Station,  Report  for  1005,  vol.  2,  pp.  60-C9. 

b  BicKiermann'8  Ccntral-Blatt  liir  Agrikulturcheinic,  etc.,  bd.  10,  p.  43. 


Lean 
cow. 

Fat  ox. 

Very 
fat  oow. 

Per  cent.  >  Per  cent. 

76.5  '         78.0 
1.0             1.0 
1.3              1.0 

21.2            20.0 

Percent 

76.2 

1.0 

2.8 

2ao 

100.0  1        100.0 

100.0 

77.1 
1.0 
0.9 

21.0 

75.0 
1.0 
4.0 

20.0 

73.3 
1.0 
5.8 

19.9 

100.0!        100.0 

loao 
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Composition  of  lean  meat  from  various  cuts  of  6c</— Continued. 
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Lean 
cow. 

Fat  ox. 

Very 
fat  cow. 

Flank: 

Water 

Per  cent. 

77.5 
1.0 
0.8 

20.7 

PercerU. 

76.8 
1.0 
4.3 

17.9 

Per  cent, 
67.8 

Ash : 

1.0 

Fat 

8.8 

Protein 

22.4 

loao 

100.0 

100.0 

Tenderioln: 

Water 

76.6 
1.0 
2.6 

70.6 
1.0 
8.0 

67.3 

A«h 

1.0 

Fat 

12.9 

Protein 

19.8 

on  A 

18.8 

100.0 

loao 

100.0 

They  cite  also  the  following  comparison  by  Siegert*  of  the  meat  of 
lean  and  fat  oxen : 

Composition  of  meat  from  lean  and  fat  oxen. 


Lean 
oxen. 

Fat  oxen. 

Neck: 

Water 

Percent 

77.5 

1.2 

.9 

20.4 

Percent. 
73.5 

Ash 

1.2 

Fat 

5.8 

Protein 

19.5 

Rib: 

Water 

100.0 

100.0 

76.5 
L2 
1.3 

21.0 

50.5 

Ash 

1.0 

Fat 

34.0 

Protein 

14.5 

Tenderioln: 

Water 

100.0 

100.0 

77.4 
L2 
LI 

20.3 

63.4 

Ash 

1.1 

Fat -• 

16.7 

Protehi 

18.8 

100.0 ; 


100.0 


No  statement  is  made  in  the  abstracts  above  quoted  regardmg 
the  preparation  of  the  meat  for  analysis.  The  rather  high  percentages 
of  fat  found  by  Siegert  suggest  that  his  samples  were  of  commercial 
"meat"  rather  than  of  lean  meat  proper. 

Moosbruch,  Meissl,  and  Strohmer''  report  analyses  of  the  serratus 
anterior  muscle  from  12  fat  cattle  of  various  breeds,  but  give  no 
comparison  with  unfattened  animals.  Ten  of  the  cattle  were  prize 
animals.  Their  ages  ranged  from  25  to  84  months,  and  their  weights 
from  597  to  960  kilograms.  The  percentage  of  dry  matter  in  the 
meat  varied  from  25.01  to  40.85  (or,  excluding  the  highest,  to  32.90), 
and  the  fat  from  3,35  to  18.07  (or,  excluding  the  highest,  to  12.99). 

« Reported  also  in  Biedennann's  Central-Blatt  f iir  Agrikulturchemie,  etc.,  bd.  13, 
p.  573. 
^  Biedermann's  Central-Blatt  far  Agrikulturchemie,  etc.,  bd.  13,  pp.  531-532. 
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Petersen'*  found  in  the  lean  meat  of  different  cuts  of  four  fat  oxen 
percentages  of  fat  ranging  from  1.38  to  6.44,  the  corresponding  per- 
centages of  dry  matter  being  23.32  and  27.05. 

Beythien''  also  reports  analyses  of  the  lean  meat,  evidently  care- 
fully separated  from  the  fat  tissue,  of  different  cuts  of  beef,  pork^ 
and  mutton  as  sold  in  the  Dresden  market.  The  range  in  the  per- 
centage of  dry  matter  and  of  fat  was  as  follows: 

Range  of  percentage  of  dry  matter  and  fat  in  lean  of  beef,  porkj  and  mviton. 


Dry  matter. 


I  Per  cent 

Beef '  25.02-29.57 

Pork 25.70-35.07 

Mutton I  25.98-27.30 


Fat. 


Percent 
4.04-9.54 
3.38-14.37 
6.75-6.14 


He  also  gives  valuable  data  as  to  the  proportion  of  lean  meat,  fat 
tissue,  and  bones  in  the  cuts  investigated. 

Pfeiffer*  in  the  course  of  an  investigation  on  the  distribution  of 
fat  in  the  body,  found  the  following  percentages  of  fat  in  the  muscles 
of  the  animals  named : 

Percentage  of  fat  found  in  the  muscles  of  dog,  rabbity  and  hen. 


Animal. 

In  fresh 
subatanoe. 

In  dry 
matter. 

Dog: 

Fat 

PereenL 

fia93 

tll.03 

2.50 

4.41 
3.52 

/4.99 

\3.92 

3.97 

Percent 
34.42 

Lean 

35.24 
9.24 

Rabbit: 

Fat.  .                                                           

15.83 

Jjfiwi,,.^ ...- ,   

13.21 

Hen: 

Fat 

18.88 

Lean 

14.47 
14.39 

While  the  foregoing  data  are  not  in  all  respects  conclusive,  it  is 
plain  that  to  some  extent  in  growth,  but  especially  in  fattening,  there 
is  a  deposition  of  fat  in  the  lean  meat.  It  is  possible  that  a  small 
proportion  of  this  may  be  formed  in  the  muscular  fibers  themselves, 
but  by  far  the  larger  part  consists  of  a  growth  of  adipose  tissue 
between  the  muscle  bundles,  constituting,  when  marked,  the  so- 
called  "marbling"  of  the  meat,  which  adds  to  its  tenderness  and 
perhaps  to  its  flavor  and  digestibility  when  cooked,  and  increases  its 
nutritive  value.  It  seems  probable  also  that  there  is  some  increase 
in  the  soluble  protein  and  in  the  extractives  of  the  muscle,  resulting 
in  a  further  betterment  of  the  quality  of  the  meat. 

a  Ibid.,  bd.  16,  p.  204. 

6  Ibid.,  bd.  30,  p.  683, 

c  Zeitscbrift  fOr  Biologie,  bd.  23,  p.  340. 
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NATOBE  OF  MEAT  PEODUCTION. 

The  facts  presented  in  the  foregomg  paragraphs  enable  us  to 
formulate  in  somewhat  more  precise  form  the  statements  made  at  the 
outset  regarding  the  nature  of  meat  production.  As  there  pointed 
out,  it  consists  of  two  more  or  less  distinct  processes,  viz,  growth  and 
fattening.  The  first  of  these  consists  essentially  in  an  increase  of  the 
protein  tissues  of  the  body.  It  is  relatively  most  active  in  the  young 
animal,  its  rate  diminishing  at  first  rapidly  and  then  more  slowly, 
being  apparently  repi^esented  by  a  curve  asymptotic  to  the  zero  line. 
The  initial  rate  of  growth  and  the  rapidity  with  which  it  diminishes 
are  essentially  determined  by  the  individuality  of  the  animal,  and  are 
only  to  a  slight  degree  subject  to  modification  by  the  food  supply, 
except  in  the  negative  sense  that  a  deficient  protein  supply  may  of 
course  limit  growth  for  lack  of  material,  while  the  same  appears  to 
be  true  of  the  ash  supply.  On  the  other  hand,  while  there  are  some 
indications  that  an  abundant  protein  supply  may  stimulate  slightly 
the  process  of  growth  and  lead  to  its  earlier  completion,  the  effect 
seems  to  be  at  best  slight,  and  it  remains  true  that  the  production 
of  protein  tissue  is  substantially  a  function  of  the  animal  and  not  of 
the  food,  and  that  improvement  in  this  respect  is  a  problem  for  the 
breeder  rather  than  for  the  feeder. 

Fattening,  on  the  contrary,  is  a  process  which,  in  a  given  animal 
at  least,  is  largely  imder  the  control  of  the  feeder.  Substantially,  it  is 
a  function  of  the  quantity  of  feed  consumed  by  the  animal  in  excess 
of  the  requirements  for  maintenance  and  growth,  and  there  is  lacking 
any  definite  proof  that  the  actual  storage  of  energy  in  the  form  of 
gain  for  a  given  amount  of  excess  food  is  seriously  affected  either  by 
the  age  or  the  individuality  of  the  animal.  Fattening,  therefore, 
may  take  place  at  any  age,  although  of  course  the  greater  demand 
for  material  for  growth  in  the  young  animal  tends  to  reduce  the 
proportion  of  the  food  available  for  fattening. 

The  prime  object  of  fattening  is  an  improvement  in  the  quality  of 
the  meat  by  the  deposition  of  fat  between  the  fibers  of  the  meat,  and 
to  some  extent  by  increasing  the  extractives  of  the  meat  itself.  The 
large  deposits  of  fat  about  the  internal  organs  and  under  the  skin  are 
incidental  to  this  and  are  to  a  certain  extent  a  waste.  The  subcu- 
taneous fat  affords  a  convenient  index  to  the  quality  of  the  meat, 
and  of  course  the  adipose  tissue  of  the  carcass  is  of  some  value,  but  it 
largely  represents  the  price  paid  for  the  improved  quality  of  the 
meat  proper.  It  is  not  impossible  that  the  traditions  of  the  market 
may  cause  the  process  of  fattening  to  be  pushed  beyond  what  is 
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CHOICE  OF  ANIMALS  FOB  MEAT  PRODUCTION. 
CONFORMATION. 

It  is  a  well-recognized  fact  that  the  conformation  of  a  meat  animal 
is  a  very  important  factor  in  determining  his  selling  price,  especially 
in  the  case  of  cattle.  Thus  Kennedy  ^  reports  the  following  selling 
prices  in  the  Chicago  market  of  fat  steers  of  beef  and  dairy  types  per 
poimd  live  weight : 

Centa- 

2  Hereford 5. 00 

2  Angus 4. 75 

2  Holstein 3. 85 

2  Jersey 3. 65 

Similarly  Mumford  ^  found  that  feeders  of  high  grade,  as  compared 
with  those  of  inferior  grades,  graded  distinctly  higher  when  fattened, 
and  brought  correspondingly  better  prices. 

So  far  as  these  differences  in  type  and  conformation  affect  the  value 
of  the  finished  product,  they  concern  primarily  the  student  of  breed- 
ing rather  than  of  feeding.  Since,  however,  the  question  of  the 
influence  of  breed  and  individuality  upon  the  feeding  capacity  of  ani- 
mals is  one  of  great  importance,  and  one  upon  which  more  or  less  mis- 
conception exists,  it  seems  desirable  to  clear  the  ground  by  pointing 
out  here  some  of  the  chief  reasons  for  the  superiority  of  the  meat 
breeds  aside  from  any  differences  in  feeding  capacity.  In  doing  so  it 
will  be  convenient  to  use  beef  cattle  for  purposes  of  illustration,  since 
the  question  has  been  more  especially  studied  on  these  animals. 

PERCENTAGE    OF   DRESSED   WEIGHT. 

The  market  buys  on  the  basis  of  live  weight,  and  can  therefore 
afford  to  pay  more  for  the  animal  containing  the  lai^er  proportion  of 
dressed  carcass  and  the  smaller  proportion  of  relatively  valueless  offal. 
In  this  respect  the  improved  meat  breeds  have  a  distinct  advantage. 
Henry  <^  gives  the  following  summary  of  tests  at  American  experiment 
stations  bearing  on  this  point: 

Comparison  of  percentages  of  dressed  weight  of  various  breeds  of  cattle. 


Breed. 

Number 
of  ani- 
mals. 

Number 
of  sta- 
tions. 

4 

1 
4 
1 
5 
3 
3 
1 
1 
3 
2 

3 

Limits  of 
dresvsed 
weight. 

Average 
dressed 
weight. 

Hereford 

11 
2 

16 
2 

26 
6 
7 
1 
1 
6 
3 
9 

Per  cent. 
63.0-68.0 
63.8-66.5 
63.2-69.0 

'"62."i^."6' 
62.0-66.7 
62.6-65.8 

Per  cent. 
65.0 

Red  Polled 

65.2 

Aberdeen- A  ngiis 

64.8 

Swiss               

64.8 

Shorthorn , 

64.4 

Gallowav .                    .          

63.9 

Devon 

63.6 

Ayrshire 

63.3 

Sussex .  .     ..          

63.0 

IIolHtein 

60.6-64.4 
58.7-63-9 
67. 9-61. 5 

62.6 

Jersey 

60.5 

Native 

60.2 

a  Iowa  ExpcrimoDt  Station,  Bulletin  81.  &  Illinois  Experiment  Station,  Bulletin  90. 

c  Feeds  and  Feedlxig,  second  edition,  p.  375. 
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The  same  fact  is  reflected  in  the  results  of  Mumford's  experiments 
just  referred  to.  The  higher  grades  of  feeders,  containing  the  larger 
infusion  of  beef  blood,  dressed  a  higher  percentage  than  the  inferior 
grades.     The  results  were  as  follows : 

Comparison  of  the  dressed  weight  of  various  grades  of  feeder  cattle. 


Grade. 

Dressed 
weight. 

Fancy 

Per  cetU. 
61.62 
61.52 
60.74 
69.70 
59.88 
59.36 

Choice 

Good 

Medium 

Common 

Inferior 

DISTRIBUTION   OP  FAT  IN  CARCASS. 


As  Henry  "  has  pointed  out,  an  important  difference  seems  to  exist 
between  the  dairy  and  beef  types  of  cattle  in  this  respect.  He  cites  a 
number  of  results  showing  a  tendency  on  the  part  of  the  former  to 
the  deposition  of  larger  amounts  of  fat,  relatively  to  the  dressed 
weight,  about  the  internal  organs.  That  individuality  may  play  an 
important  part  in  the  matter,  however,  is  indicated  by  the  results  of 
later  experiments  by  Kennedy,  ^  in  which  two  Holstein  steers  showed 
a  lower  percentage  of  internal  fat  (loose  tallow)  than  either  Herefords 
or  Angus.  There  is  no  definite  proof  in  these  trials  other  than  the 
better  "marbling"  of  the  meat  that  the  beef  breeds  deposited  more 
fat  in  the  latter. 

That  the  distribution  of  the  fat  in  the  carcass  has  much  to  do  with 
the  market  estimate  of  its  value  is  strikingly  shown  by  experiments 
by  Curtiss  and  Craig  ^  upon  the  influence  of  a  wide  versus  a  narrow 
nutritive  ratio  on  the  growth  and  composition  of  swine.  The  car- 
casses of  the  lot  receiving  the  wide  ratio  were  regarded  by  Swift  & 
Co.  as  too  fat,  yet  analyses  of  them  made  by  Wiley**  failed  to  show  any 
marked  difference  as  regards  the  total  percentages  of  fat  and  protein. 


PROPORTION  OP  HIOH-PRICED  CUTS. 


It  is  a  familiar  fact,  yet  one  the  importance  of  which  the  inexperi- 
enced feeder  often  fails  to  appreciate,  that  different  portions  of  the 
carcass  show  differences  in  composition,  palatability,  and  nutritive 
value,  and  differ  greatly  in  market  price.  The  high-priced  cuts 
are  found  on  the  back  and  loins,  and  consequently  the  steer  which 


olbid.,  p.  376. 

6  Iowa  Experiment  Station,  Bulletin  91. 

clowa  Experiment  Station,  Bulletin  48,  pp.  37S-451. 

rfU.  S.  Department  of  Agriculture,  Division  of  Chemistry,  Bulletin  53. 
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shows  the  best  development  in  these  regions  is  the  more  valuable 
animal  for  both  the  producer  and  the  butcher,  a  pound  of  gain  in 
these  cuts  being  worth  in  the  market  four  or  five  times  as  much  as 
the  same  gain  in  the  cheaper  cuts.  The  same  principle  appHes  of 
course  to  other  species  of  animals. 

If,  therefore,  there  exists  marked  differences  in  the  development  of 
those  parts  yielding  the  higher-priced  cuts  between  different  breeds 
or  individuals,  it  is  clear  that  in  the  selection  of  animals  for  meat  pro- 
duction this  is  a  point  of  prime  importance.  So  far  as  data  on  this 
point  are  available,  however,  they  do  not  seem  to  indicate  that  the 
differences  between  breeds  are  as  great  in  this  respect  as  is  ordinarily 
assumed  to  be  the  case.  This  is  illustrated  by  the  results  of  an  experi- 
ment by  Kennedy,*  in  which  steers  of  the  beef  and  dairy  types  were 
compared.  The  following  table  shows  the  percentage  of  rib  and  loin 
beef  (the  two  most  valuable  cuts)  found  in  each  carcass,  the  esti- 
mated market  value  per  pound,  and  the  actual  selling  price  for  each 
animal: 

Percentage  of  ribs  and  loin  in  carcasses  of  beef  and  dairy  breeds  of  cattle. 


Per  cent. 

27.651 
26.701 
25.691 

_  _ 26. 18J 

Jeraey I    26. 971 05  04 

Do 24.71^** 


Hereford. 

Do... 
Aikgus 

Do... 
Holstein.. 

Do. 


While  there  is  a  slight  advantage  on  the  side  of  the  beef  breeds,  it 
is  relatively  small,  averaging  3.6  per  cent  of  the  figure  for  the  dairy 
breeds,  while  the  difference  in  price  is  30  per  cent. 

Earlier  experiments  by  Georgeson''  and  by  Wilson  and  Curtiss  ^ 
gave  the  following  percentages  of  the  same  two  cuts,  showing  no  very 
marked  advantage  on  the  side  of  the  beef  breeds: 

Percentage  of  ribs  and  loin  in  carcasses  of  beef  and  dairy  breeds  of  cattle. 


Authority. 

Hereford 

and 
Angus. 

Shorthorn. 

Uolstein 

and 
Jersey. 

Native. 

Qeorgeson 

Per  cent. 

Per  cent. 
26.2 
27.0 

Percent. 

Percent' 
27.1 

Wilson  and  Curtiss 

28.2 

27.1 

Average 

26.6 

alowa  Experiment  Station,  Bulletin  81.  b  Kansas  Experiment  Station,  Bulletin  5' 

c  Iowa  Experiment  Station,  Bulletin  20. 
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SIZE  AND  QUALITY  OP  CUTS. 

The  experiments  by  Kennedy  just  cited,  while  not  sustaining  the 
claim  that  the  beef  breeds  yield  a  much  larger  proportion  of  valuable 
cuts  than  do  the  dairy  breeds,  nevertheless  indicate  clearly  the  chief 
reason  for  the  higher  prices  paid  for  the  former,  viz,  that  the  cuts  from 
the  beef  animals  were  esteemed  to  be  of  a  higher  quality  and  would 
bring  more  on  the  market.  An  important  factor  in  this  case  was  the 
size  of  the  cuts.     The  average  dressed  weights  of  these  steers  were: 

Pounds. 

Hereford 1,014 

Angus 1, 118 

Holstein 847 

Jersey 865 

Size,  thickness,  and  appearance  are  important  factors  in  the  selling 
price  of  meat.  Furthermore,  it  is  not  unlikely  that  the  "  marbling '' — 
that  is,  the  deposition  of  the  fat  among  the  fibers  of  the  lean  meat — 
was  deficient  in  the  dairy  breeds. 

Finally,  the  fineness  of  fiber,  tenderness,  juiciness,  and  flavor  of  the 
meat  itself  all  go  to  make  up  ''  that  indefinable  something  described 
by  the  word  *  quality,' "  and  which  is  so  large  a  factor  in  determining 
price. 

It  is  possible  that  prejudice  plays  some  part  in  the  relatively  low 
price  paid  for  animals  not  conforming  to  the  meat  type,  but  it  seems 
unlikely  that  this  is  a  large  element.  For  the  profitable  production 
of  meat  the  prime  element  is  the  development  and  fixing  of  breeds  and 
strains  which  may  be  counted  on  to  have  the  desired  conformation 
and  size  when  mature,  and  this  is  equally  important  whether  the 
finishing  process  is  carried  out  by  the  breeder  or  by  another. 

The  prominence  of  the  beef  industry  in  the  United  States  has  caused 
conformation  to  be  especially  emphasized  in  the  case  of  cattle,  but 
what  has  been  said  applies  equally  to  other  species.  As  an  illustra- 
tion may  be  mentioned  the  results  with  Tamworth  hogs  at  the  Iowa 
Experiment  Station «  and  experiments  with  the  '*razorback''  hog 
by  the  Wisconsin  station. 

BREED   AND   INDIVIDUALITY. 

While  this  topic  is  one  which  concerns  primarily  the  student  of 
breeding,  it  is  nevertheless  too  important  in  its  relation  to  feeding  to 
be  omitted  from  a  discussion  of  that  subject,  especially  since  there 
appears  to  be  considerable  uncertainty  and  confusion  of  thought 
regarding  it.  While  we  can  not  expect  to  clear  up  all  difficulties, 
we  may  at  least  hope  to  discover  the  directions  in  which  investiga- 
tion is  needed. 

«  Bulletin  48. 
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EARLY  MATURITY. 


Much  stress  has  been  laid,  and  doubtless  rightfully,  upon  the  impor- 
tance of  early  maturity  in  meat  animals,  yet  it  is  by  no  means 
clear  that  the  word  maturity  has  always  represented  the  same  idea. 
Strictly  speaking,  a  mature  animal  is  one  which  has  completed  its 
growth — that  is,  one  in  which  the  increase  of  protein  tissue  has  reached 
its  natural  limit.  In  this  sense,  that  one  of  two  animals  which 
reaches  this  natural  limit  first  is  the  earlier  maturing.  With  ani- 
mals which  reach  substantially  the  same  limit  of  size,  this'conception 
of  eariy  maturity  is,  of  course,  synonymous  with  a  greater  absolute 
rate  of  protein  growth,  while,  if  we  express  the  latter  relatively  to  the 
weight  of  the  animal,  as  in  previous  pages,  the  same  thing  is  true 
regardless  of  size. 

In  discussing  the  rate  of  growth,  attention  has  already  been  called 
to  the  possibility  of  individual  and  breed  differences  in  this  respect. 
Since  the  main  object  in  feeding  for  meat  is  the  production  of  protein 
tissue,  it  is  obvious  that  an  animal  which  inherits  a  strong  initial 
impulse  to  growth  in  this  sense  will  be  the  more  desirable  animal, 
because  the  greater  initial  impulse  to  growth  will  shorten  the  time 
required  for  the  production  of  a  given  weight  of  lean  meat.  By  thus 
shortening  the  feeding  period  required  to  reach  the  desired  weight  or 
condition  we  diminish  the  expenditure  for  the  simple  maintenance  of 
the  animal,  as  well  as  the  expense  of  care,  etc.,  and  the  interest  on  the 
investment. 

Early  maturity  in  this  sense  would  be  nearly  synonymous  with  a 
more  rapid  gain  in  weight,  since  the  increase  of  the  growing  animal 
consists  largely  of  protein  tissue.  As  has  already  been  mentioned 
(p.  29)  we  have  no  clear  indication  of  a  superiority  of  the  meat  breeds 
in  this  respect.  On  the  other  hand,  there  would  seem  to  be  little 
doubt  of  the  existence  of  individual  differences  between  animals, 
and  it  may  be  worth  consideration  whether  they  can  be  utilized  in 
breeding. 

The  term  early  maturity,  however,  appears  to  be  used  also  in  a 
quite  different  sense,  referring  to  the  conformation  of  the  animal 
rather  than  to  completed  growth.  Thus,  if  a  steer  at  22  months  has 
attained  the  typical  beef  form  and  reached  sufTicient  size  to  meet  the 
demands  of  the  market,  he  is  said  to  be  mature.  Obviously,  this  does 
not  mean  that  he  has  completed  his  growth,  but  simply  that  he  has 
made  sufficient  growth  to  furnish  marketable-  meat.  This  conception 
of  maturity,  in  other  words,  is  commercial  rather  than  physiological. 
It  is  important  to  note,  however,  that  it  involves  a  physiological  ele- 
ment. A  certain  size  of  carcass  as  well  as  a  certain  conformation  is 
demanded,  and  to  reach  this  at  an  early  age  almost  necessarily  implies 
a  greater  rate  of  growth,  whether  measured  physiologically  by  increase 
of  protein  tissue  or  practically  by  gain  in  weight. 
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It  is  perhaps  possible  to  combine  these  two  points  of  view  into  a 
single  statement,  somewhat  as  follows :  The  greater  the  initial  impulse 
to  growth,  the  sooner  and  the  more  cheaply  will  the  animal  reach 
physiological  maturity,  while  if  the  rate  of  growth  can  be  made  suHi- 
ciently  rapid  the  desired  accumulation  of  meat,  and  consequent 
weight,  may  be  reached  before  physiological  maturity.  In  other 
words,  the  matter  reduces  itself  to  the  question  of  rate  of  growth. 
The  more  r^pid  this  is  the  more  fully  we  can  take  advantage  of  the 
very  marked  assimilative  power  of  the  young  animal  for  protein, 
while  at  the  same  time  diminishing  the  relative  cost  for  maintenance. 

For  these  reasons,  and  in  part  also  on  account  of  changing  market 
demands  as  to  weight  of  carcass,  there  has  been  a  steady  tendency 
toward  marketing  meat  animals  at  an  earher  and  earlier  age,  and  it 
may  be  safely  predicted  that  this  tendency  will  continue  until  the 
natural  limits  of  early  maturity  are  reached. 

FEEDING   CAPACITY. 

It  is  a  well-recognized  fact  that  very  marked  differences  exist 
between  different  individual  animals  as  regards  the  returns  made  for 
the  feed  consumed;  but  when  we  come  to  inquire  into  the  causes  of 
these  differences  we  find  a  great  dearth  of  definite  information  and  a 
considerable  variety  of  opinion. 

Digestive  power. — ^The  superiority  of  one  breed  or  animal  over 
another  as  regards  feeding  capacity  is  often  ascribed  to  a  difference 
in  the  extent  to  which  the  feed  is  digested,  although  those  who  make 
this  assertion  often  understand  by  digestion  what  is  more  properly 
termed  ^* utilization."  Undoubtedly  there  are  differences  in  digestive 
power  between  different  animals,  but  except  in  the  case  of  manifestly 
abnormal  animals  they  have  been  found  to  be  comparatively  slight 
and  quite  insufficient  to  account  for  the  marked  differences  in  produc- 
tion. Neither  is  there  any  evidence  that  the  improved  breeds  of 
meat-producing  animals  possess  any  superiority  in  this  respect  over 
the  ordinary  unimproved  animals- 
It  is  to  be  remembered,  however,  that  digestion  experiments,  for 
obvious  reasons,  have  usually  been  made  upon  relatively  light  rations. 
It  is  possible  that  upon  full  feed  the  better  animal  would  show  a  supe- 
riority over  the  poorer  one  in  this  respect  which  is  not  manifest  on 
lighter  rations,  although  the  recorded  data  regarding  feed  require- 
ments per  unit  of  gain  do  not  seem  to  favor  this  view. 

Assimilative  power, — By  this  term  we  may  designate  broadly  the 
ability  of  the  organism  to  convert  the  digested  nutrients  of  the  feed 
into  body  tissue.  Is  the  good  meat  producer  able  to  form  from  a 
unit  of  digested  feed  of  a  given  kind  more  new  tissue  than  can  the 
inferior  animal?    In  other  words,  is  the  percentage  utilization  of  the 
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feed  above  the  maintenance  requirement  affected  by  the  individ- 
uality of  the  animal?  As  yet  there  has  been  scarcely  any  scientific 
investigation  bearing  on  this  question.  It  is  worth  noting,  however, 
that  such  of  the  Moeckem  experiments  as  were  made  upon  similar 
feeding  stuffs  with  different  animals  show  a  generally  good  agree- 
ment as  regards  the  utilization  of  the  energy  of  the  feed,  although  it 
does  not  appear  from  the  accounts  of  the  experiments  whether  or 
not  the  animals  used  differed  materially  in  type. 

In  the  aggregate  a  considerable  number  of  breed  tests  of  cattle, 
sheep,  and  swine  have  been  made  by  the  American  experiment  sta- 
tions, the  results  of  which  have  been  summarized  by  Henry"  so  as  to 
show  the  quantity  of  feed  consumed  per  unit  of  gain.  TVhile  in  indi- 
vidual cases  considerable  fluctuations  are  to  be  found,  nevertheless 
the  results  as  a  whole  certainly  fail  to  indicate  any  marked  superiority 
*of  one  breed  over  another  in  this  respect,  and  later  experiments  have 
not  given  materially  different  results.  When  we  come  to  consider 
the  other  possible  factors,  such  as  differences  in  live  weight,  in  main- 
tenance requirement,  in  total  feed  consumed,  etc.,  we  must  conclude 
that  the  recorded  results  give  no  clear  evidence  of  any  specific  indi- 
vidual or  breed  differences  in  the  actual  physiological  processes 
involved  in  the  conversion  of  feed  into  tissue,  although  it  is  equally 
true,  of  course,  that  they  fail  to  prove  the  absence  of  such  differences. 

On  the  whole  the  probabilities  seem  to  be  that  individual  differences 
in  assimilative  power,  in  the  sense  in  which  the  term  is  here  used,  if 
they  exist  at  all,  are  not  an  important  factor  in  meat  production. 

Tlie  maintenance  requirement — Another  possible  cause  of  the  vary- 
ing results  obtained  with  different  animals  is  variation  in  the  amount 
of  feed  required  for  maintenance.  It  is  obvious  that  if,  of  two  animals 
receiving  identical  rations,  one  uses  50  per  cent  and  the  other  60  per 
cent  for  simple  maintenance,  the  gains  by  the  two,  all  other  condi- 
tions being  the  same,  will  be  in  the  proportion  of  50  to  40.  The 
current  method  of  comparing  the  gain  directly  with  the  total  feed 
consumed  (i.  e.,  of  computing  the  gain  per  100  pounds  of  feed  or  the 
feed  consumed  per  100  pounds  of  gain)  entirely  ignores  this  possible 
difference,  which  may  be  one  of  the  causes  operating  to  produce  the 
variations  in  individual  results  in  the  breed  tests  just  referred  to. 

The  recorded  results  on  the  maintenance  requirements  of  cattle  do 
not  seem  to  indicate  any  striking  individual  differences,  but  their 
number  is  comparatively  limited.  One  factor  in  particular,  which 
may  conceivably  affect  the  results  of  experiments  on  meat  produc- 
tion more  markedly  than  it  would  determinations  of  the  maintenance 
requirement,  is  the  greater  or  less  degree  of  activity  of  the  animal.  In 
most  maintenance  experiments  the  latter  has  been  necessarily  more 


«  Feeds  and  Feeding,  second  edition,  pp.  373,  488,  545. 
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or  less  restricted,  while  under  the  conditions  of  practice  it  may  per- 
haps have  a  considerable  influence.  The  large  expenditure  of  energy 
in  all  forms  of  muscular  activity,  even  in  simple  standing,  is  a  familiar 
fact.  The  restless,  nervous  animal  is  rarely  a  good  feeder,  because  it 
expends  too  large  a  proportion  of  its  feed  in  doing  useless  work,  while 
the  quiet  animal  that  is  inclined  to  ''eat  and  lie  down"  may  show 
much  better  economic  results  without  possessing  any  specifically 
greater  ability  to  convert  surplus  feed  into  meat.  It  simply  has  a 
larger  surplus  from  a  given  amount  of  feed. 

Feed  consumption. — ^Another  important  element  in  the  problem, 
and  one  closely  related  to  the  preceding,  is  the  ability  of  the  animal 
to  consume  regularly  large  amounts  of  feed.  Of  two  animals  other- 
wise similar,  it  is  clear  that  the  one  which  is  able  to  consume  day  after 
day  the  larger  amount  of  feed  has  the  advantage  as  a  meat  producer, 
but  it  is  not  always  so  clearly  seen  that  the  heavier  feeder  makes  a 
relatively  more  profitable  use  of  his  feed.  If  we  suppose,  for  example, 
that  two  fattening  steers,  each  weighing  500  kilograms,  are  supplied 
with  exactly  a  maintenance  ration  of  hay,  equivalent  in  each  case, 
let  us  say,  to  12,000  calories  of  metabolizable  enei^,  it  is  clear  that 
the  one  which  is  able  to  eat  and  digest  more  com  will  make  the  more 
rapid  gain.  Let  us  suppose  these  amounts  of  corn  consumed  respec- 
tively to  contain  8,000  and  6,000  calories  of  metabolizable  energy. 
About  63  per  cent  of  this  energy  is  utilizable,  and  the  gains  will  there- 
fore be  about  4,240  and  3,180  calories,  respectively,  and  we  have  the 
following  results: 

Relative  production  on  different  amounts  of  feed. 


Steer 
No.  1. 

Steer 
No.  2. 

Calories. 
12,000 
6,000 

18,000 

MalntPiiftn<y>    .       

Qiloriex. 
12,000 
8,000 

Excess  feed 

Total  feed 

20.000 

Oaln 

4,240 
21.20 

3,180 
17.67 

Total  gain  per  100  calories 

In  other  words,  the  productive  part  of  the  ration  forms  a  larger  part 
of  the  total  ration  in  the  case  of  the  large  eater,  and  since  all  the  feed 
must  be  paid  for,  this  animal  makes  the  more  economical  gain,  not 
because  he  utilizes  his  excess  feed  better,  but  simply  because  he  is 
able  to  consume  more  of  it. 

There  is  no  doubt  that  there  are  marked  differences  between  indi- 
vidual animals  in  this  respect.  Whether  the  specific  meat-producing 
breeds  as  a  whole  possess  any  advantage  in  this  respect  appears  doubt- 
ful in  view  of  the  results  on  record  regarding  the  feed  cost  of  gain 
with  different  breeds  (see  p.  46).  The  quality  is  one  to  which  the 
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attention  of  breeders  has  not  been  particularly  directed,  yet  it  is  one 
which,  it  would  seem,  might  well  repay  attention. 

AGE   OF  ANIMAL. 

The  subject  of  early  maturity  leads  naturally  to  a  consideration 
of  the  influence  of  the  age  of  the  animal  upon  the  rate  and  profits  of 
meat  production,  a  subject  which  requires  somewhat  careful  considera- 
tion to  avoid  confusion  of  ideas. 

In  the  first  place  it  is  essential  to  distinguish  between  the  normal 
rate  of  growth  of  an  immature  animal  and  the  more  rapid  increase  in 
weight  which  may  be  brought  about  by  heavy  feeding.  The  former 
is  not,  it  is  true,  easy  to  define  sharply,  but  in  a  rather  broad  way  we 
may  say  that  it  is  the  gain  due  to  the  normal  rate  of  growth  of  protein 
tissue  plus  such  amounts  only  of  fat  as  may  be  regarded  as  necessary 
in  a  well-nourished  body.  We  shall  consider  in  the  first  place  the 
influence  of  the  age  of  the  animal  upon  this  normal  rate  of  growth. 

GAIN  MOST  RAPID  IN  YOUTH. 

It  has  become  a  commonplace  that  animals  gain  most  rapidly  in 
youth.  Thus  the  young  calves  experimented  on  by  Soxhlet  (see 
p.  13)  gained  per  day  and  head  from  1.65  to  2.77  pounds  live  weight. 
Wolffs  cites  the  results  of  a  feeding  experiment  with  three  calves,  14 
days  old,  in  which  the  daily  gain  in  weight  ranged  from  1.14  to  3.38 
pounds.  Henry  ^  cites  numerous  experiments  with  calves  by  different 
investigators  in  which  the  daily  gain  per  head  ranged  from  1.43  to 
2.08  pounds.  While,  as  has  just  been  said,  these  gains  by  growing 
animals  are  not  strictly  comparable  with  those  of  fattening  animals, 
it  may  help  us  to  appreciate  the  significance  of  the  above  figures  to 
recall  that  they  are  scarcely  inferior  to  the  gains  made  by  mature 
cattle  of  ten  or  twelve  times  the  weight  of  the  calves,  when  on  full  feed. 

Even  more  striking  gains  are  shown  by  young  pigs.  Thus  Henry  *^ 
gives  the  gain  per  day  and  head  of  sucking  pigs,  on  the  average  of  12 
litters,  as  ranging  from  0.27  pound  in  the  first  week  to  0.77  pound  in 
the  tenth  week.  Lambs  show  similar  results.  Henry  ^  fed  four  10- 
day-old  lambs  for  twenty-one  days  on  cows'  mUk  and  obtained  an 
average  daily  gain  per  head  of  0.46  pound.  Shepperd**  found  the 
daily  gain  of  four  sucking  lambs  to  range  from  0.40  to  0.62  pound. 

«  Landwirtechaftliche  Futterungslehre,  p.  152. 

b  Feeds  and  Feeding,  second  edition,  pp.  334-3.38. 

clbid.,  p.  540. 

d  Wisconsin  Experiment  Station,  Report  for  1890,  p.  12. 

«  Agricultural  Science,  vol.  6,  p.  397.     1892. 
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If  we  compute  such  of  the  above  data  as  admit  of  it  per  1,000 
pounds  live  weight,  we  have  the  following  striking  results: 

Daily  gains  per  1,000  pounds  live  weight,  by  calves^  pigs,  and  lambs  of  different  ages. 


Animals  and  authorities. 

Average 
age. 

Gain 
per  1,000 
potinda 

weight. 

CalVGB  (Soxhlet) 

Days. 

16 
21 
32 
18 
4 
21 
67 
21 

PomuU. 
21.60 
18.10 
18.40 
16.30 
17.00 
78.27 
47.62 
21.61 
21.40 

PigB  (Henry) 

Lambi  (Henry) 

RATE   OF  GAIN   DIMINISHES   RAPIDLY. 


It  is  an  equally  familiar  fact  that  the  rate  of  gain  per  1,000  pounds 
by  the  young  animal  diminishes  rapidly  as  it  grows  older.  The  table 
just  given  illustrates  this  in  the  case  of  young  calves  and  pigs.  While 
the  absolute  gain  per  head  may  increase,  as  was  the  case  with  the 
pigs,  the  relative  rate  of  gain  diminishes. 

Numerous  examples  may  be  cited  to  show  that  the  same  law  holds 
for  later  stages  of  growth,  although  it  is  not  in  all  cases  easy  to  dis- 
tinguish, from  the  accounts  of  the  experiments,  between  the  gain  due 
to  growth  proper  and  that  due  to  fattening.  Johnson  '  reports  the 
average  daily  gain  in  weight  per  head  of  10  steers  as  follows:  From 
birth  to  1  year  old,  1.94  pounds;  from  1  to  2  years  old,  1.36  pounds. 
The  cattle  are  said  to  have  been  kept  thrifty  but  not  fattened. 

Henry  ^  fed  calves  averaging  about  10  weeks  old  for  two  years  with 

the  following  results: 

Gains  by  growing  cattle. 


Number 
of  ani- 
mals. 


Period. 


Average 
live  wei^t, 


Gain  per  day. 


Per  head. 


Per  1,000 

pounds 

live  weight 


16. 

12. 
10. 


Period  1, 98  days.... 
Period  II.  84  days... 
Period  III, 84 days.. 
Period  IV,  42  days.. 
Period  V,  212  days.. 
Period  VI,  64  days.. 
Period  VII,  88  days. 
Period  VIII,  57  days 


Pounds. 
201 
332 
430 
492 
652 
878 
1,007 
1,079 


Pounds. 
1.63 
1.22 
1.10 
0.77 
1.35 
2.46 
0.82 
1.25 


Pounds, 
8.11 
8.68 
2.56 
1.57 
2.07 
2.80 
0.81 
1.16 


a  Michigan  Experiment  Station,  Bulletin  44,  pp.  8-10. 

b  Wisconsin  Experiment  Station,  Third  Report,  p.  25;  Fourth  Report,  p.  44. 
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Notwithstanding  the  considerable  fluctuations  in  the  rate  of  gain, 
the  high  figures  for  the  first  period  and  the  general  decrease  in  the 
later  stages  of  growth  are  evident. 

Goessman  ^  found  the  average  daily  gains  per  head  of  two  2-year- 
old  steers  and  two  yearlings  on  similar  rations  to  be:  Two-year  olds 
fed  one  hundred  and  forty-four  days,  1.20  pounds;  yearlings  fed  one 
hundred  and  forty-four  days,  1.60  pounds;  the  same  yearlings  fed  for 
the  succeeding  one  hundred  and  forty-four  days  on  pasture,  0.73 
pound.  No  statements  are  made  as  to  the  fattening  of  the  animals, 
but  the  rations  were  only  fairly  heavy. 

NATURE   OF   GAIN   AT  DIFFERENT   AGES. 

The  data  already  given  (pp,  30-33)  regarding  the  composition  and 
energy  value  of  the  increase  at  different  ages  show  clearly  one  impor- 
tant cause,  and  perhaps  the  chief  one,  of  the  relatively  rapid  gain 
in  weight  by  young  animals.  Such  animals,  as  we  have  already 
learned,  show  a  notable  power  of  storing  up  protein,  a  power  which 
diminishes  rapidly  wnth  increasing  age.  Corresponding  to  this,  we 
see  that  a  large  proportion  of  the  organic  matter  stored  consists  of 
protein.  Now  the  proteid  tissues  of  the  body  are  par  excellence  the 
water-holding  tissues,  and  this  fact  is  reflected  clearly  in  the  table, 
which  shows  the  gain  of  very  young  animals  to  contain  as  much  as 
80  per  cent  of  water.  In  other  words,  a  pound  of  gain  by  a  young 
animal,  as  compared  with  the  same  gain  by  a  mature  animal,  contains 
much  less  organic  matter,  and  this  organic  matter  itself  has  a  lower 
energy  Value,  since  it  contains  relatively  more  protein  and  less  fat. 
Accordingly,  as  we  see  in  the  extreme  case,  a  gain  of  1  kilogram  by  a 
neariy  mature  animal  represents  the  storage  of  over  nine  times  as 
much  food  energy  as  the  same  gain  by  a  vety  young  animal. 

The  data  are  too  fragmentary  to  permit  any  general  statement  as 
to  the  relation  at  different  ages,  but  the  general  fact  is  clear.  ^Tien 
we  add  to  this  the  fact  that  this  rapid  gain  in  live  weight  by  the  young 
animal  is  composed  largely  of  that  which  the  meat  producer  is  aiming 
for,  viz,  meat  in  the  limited  sense,  the  great  economic  advantage  of 
the  young  animal  becomes  clear. 

RELATIVE   GAIN   OF   ENERGY. 

In  view  of  the  foregoing  facts,  it  becomes  of  interest  to  inquire 
whether  the  more  rapid  gain  by  the  young  animal  is  due  wholly  to 
the  difference  in  the  composition  of  the  gain,  or  whether  the  growing 
organism  has  a  specifically  greater  power  to  store  up  energy.  For 
this  purpose  we  may  compare  the  rate  of  gain  of  energy  per  unit  of 


«  Massachusetts  State  Experiment  Station,  Report  for  1891,  p.  107. 
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live  weight,  somewhat  as  we  have  already  compared  the  gain  of 
protein.    The  following  table  contains  the  few  available  results: 

Relative  gain  of  energy  by  animals  at  dijferent  ages. 


Experimenter. 

Animal. 

Average 
age. 

Daily  gain 
of  energy 

per  kilo- 
gram live 

weight. 

Sanford  and  Luak « 

Wilson 

Pig.. 

do 

Days, 

8 

8 

15 

21 

114 

134 

290 

458 

521 

745 

840 

CcUories. 
39.67 
29.07 

Soxtalet 

Calf 

54.36 

Do 

do 

50.14 

Do 

do 

47.90 

Tschirwlnsky 

Pig 

31.72 

Do 

.....do.: 

44.88 

TTnnT^pf^erg  et  al 

Sheep 

14.76 

Do 

do 

14.01 

Do 

do 

9.50 

Do::::::::::::::::::::::::::::::::::.:.:.:.:::.:.::.:..:::::: 

:::::do:::::::: 

8.64 

J  ordan 

steer 

3.16 

The  large  gaps  in  the  table  are  most  unfortunate,  but  there  seems 
to  be  a  clear  indication  of  a  decreasing  relative  energy  of  assimilation, 
expressed  in  terms  of  energy,  with  advancing  maturity.  The  sub- 
ject is  well  worth  further  investigation,  however. 


GAIN  PER  UNIT  OP  PEED. 


It  should  be  clearly  understood  that  the  greater  energy  of  assimi- 
lation just  spoken  of,  if  it  be  a  fact,  is  by  no  means  equivalent  to  a 
higher  percentage  utilization  of  the  energy  of  the  food.  The  facts 
given  simply  indicate  that  the  young  animal  has  the  power  to  store 
up  relatively  greater  amoimts  of  matter  and  energy,  but  give  no 
clue  to  the  expenditure  of  feed  energy  required  for  this  purpose. 
As  has  already  been  stated,  no  satisfactory  data  are  on  record  regard- 
ing the  influence  of  age  on  the  percentage  utilization. 

In  practice,  however,  results  are  measured  by  the  gain  in  live 
weight,  and  this,  as  we  have  seen,  represents  a  less  amount  of  energy 
per  unit  in  the  young  than  in  the  mature  animal.  Consequently, 
even  if  the  actual  utilization  of  the  energy  of  feeds  of  the  same 
character  is  no  greater  in  the  young  animal,  the  gain  in  weight  per 
unit  of  feed  will  be  greater.  The  experiments  already  cited  to  illus- 
trate the  rate  of  gain  at  different  ages  ynW  serve  to  demonstrate  this 
fact  also,  and  to  these  may  be  added  the  results  obtained  by  Wilson 
and  Ciu-tiss  at  the  Iowa  station.*  In  most  of  the  experiments  a 
variety  of  feeds  was  used  and  in  but  few  of  them  was  the  dry  mat- 
ter of  the  feed  determined.  It  will  be  convenient,  therefore,  to 
make  the  comparisons  on  the  basis  of  the  cost  of  feed  per  imit  of 
gain,  using  this  as  a  sort  of  approximate  conmaon  denominator,  the 
prices  estimated  for  feed  being  generally  uniform  in  each  experiment. 

a  Iowa  Experiment  Station,  Bulletin  20. 
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The  following  table  by  Henry  *  gives  the  results  of  the  experi- 
ments of  Johnson,  Goesmann,  and  Henry,  and  includes  also  averages 
from  the  records  of  the  fat-stock  shows  of  1882  and  1883. 

Cost  of  100  pounds  gain  in  live  weight,  with  steers  of  different  ages. 


1  to  12  months  old.   12  to  24  months  old.  24  to  36  months  old- 


Number 

of 
anim&ls. 


Fat-stock  show,  1882  ». . . 

Fat-stock  show,  1883 

Michigan  station  « 

Wisconsin  station  d 

Massachusetts  station  < . 


■I 


Cost  of 
feed. 


K03 
3.70 
1.87 
4.20 


Number 

of 
animals. 


I 


Cost  of 
ftod. 

Number 

of 
animals. 

Cost  of 
feed. 

$7.98 
8.12 

2  1 

$12.54 

7.37 

io  . 

9.57 

6.13 
7.49  I 


The  Iowa  results,  omitting  the  second  period,  on  pasture,  were: 
Cost  per  pound  of  gain  by  steers  at  Iowa  Experiment  Station, 


Period. 

Age. 

Cost  per 

pound  of 

gain. 

I 

Ill 

Months. 
24 
31 

Cents. 
5.93 
6.15 

As  would  be  expected,  the  differences  are  irregular  and  in  some 
cases  small,  and  they  may  to  a  certain  extent  represent,  particu- 
larly in  the  case  of  the  figures  from  the  fat-stock  shows,  the  influence 
of  increased  fatness  rather  than  of  age.  Nevertheless  their  general 
teaching  is  unmistakable. 

BEST  AGE   FOR  FATTENING. 

The  effect  of  age,  as  we  have  seen,  is  cliiefly  upon  the  gain  of 
protein.  While  we  have  no  evidence  that  the  process  of  fattening 
proper  is  materially  affected  by  tliis  factor,  on  the  other  hand  growth, 
which  is  largely  synonymous  with  the  formation  of  lean  meat,  goes 
on  much  less  rapidly  and  economically  as  the  animal  approaches 
maturity.  It  is  evident,  as  already  pointed  out,  that  the  earlier  the 
process  of  growth  can  be  completed,  by  the  selection  of  animals  wath 
a  well-developed  capacity  for  growth  and  by  suitable  feeding,  the 
more  economically  it  can  be  conducted.  On  the  other  hand,  the 
process  of  fattening  can,  it  would  appear,  be  carried  out  equally  well 
at  almost  any  stage. 

Fattening,  however,  is  relatively  a  more  rapid  process  than  growth, 
and  therefore  should  be  begun  later.     Heavj^  fattening  rations,  con- 

a  Feeds  and  Feeding,  second  edition,  p.  369. 

*  Report  of  Illinois  board  of  agriculture,  1884. 

c  Michigan  Experiment  Station,  Bulletin  44. 

rf  Wisconsin  Experiment  Station,  Report  for  1886. 

« Massachusetts  Experiment  Station,  Report  for  1891. 
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taining  large  amounts  of  nonnitrogenous  nutrients,  even  if  they  do 
not  interfere  with  the  growth  of  young  animals,  are  imeconomical, 
tending  either  to  overload  the  meat  with  fat  or  toward  the  accu- 
mulation of  cheap  internal  fat,  and  making  the  animal  ripe  for  the 
butcher  before  his  capacity  for  the  production  of  meat  has  been 
properly  utilized.  A  limited  market  exists,  of  course,  for  fat  lambs 
and  veals;  but,  for  the  production  of  the  bulk  of  the  world's  meat 
supply,  it  is  important  to  utihze  the  capacity  for  growth  up  to  a 
point  at  least  approaching  maturity.  Such  being  the  case,  too  early 
fattening  tends  to  produce  an  animal  which,  even  if  not  of  inferior 
quality,  must  be  maintained  in  a  fat  condition  imtil  the  growth  of 
lean  meat  has  had  an  opportunity  to  overtake  that  of  fat. 

On  the  other  hand,  the  beginning  of  the  fattening  process  may  be 
delayed  too  long.  To  take  the  extreme  case,  it  would  be  obviously 
uneconomical  first  to  grow  the  animal  to  the  full  degree  of  maturity 
required  and  then  to  add  a  fattening  period.  While  we  have  no  reason 
to  suppose  that  the  amount  of  food  actually  expended  in  the  produc- 
tion of  a  unit  of  gain  would  be  materially  greater  than  if  the  fatten- 
ing were  conducted  dining  the  latter  part  of  the  growing  period,  the 
expend! tiu-e  for  maintenance,  care,  interest,  etc.,  would  be  simply 
so  much  added  to  the  cost  of  production.  Plainly  the  beginning  of 
the  fattening  shoidd  be  so  timed  that  it  will  be  completed  by  the 
time  the  rate  of  gain  of  lean  meat  ceases  to  be  profitable  under  the 
existing  market  conditions. 

The  foregoing  assumes,  of  course,  that  the  animal  is  both  grown 
and  fattened  by  the  same  individual,  a  thing  which  is  true  in  the 
minority  of  cases  only.  While  the  same  general  principles  apply 
also  to  the  fattening  of  purchased  animals,  the  market  is  so  large  a 
factor  in  this  operation  that  their  application  is  liable  to  be  very 
essentially  modified  or  obsciu-ed  entirely  by  speculative  considerations. 

CONDmON. 

It  is  generally  admitted  that  in  the  case  of  the  nearly  mature 
fattening  animal  the  rate  of  gain  in  live  weight  decreases  as  the  fat- 
tening progresses  until  a  limit  is  reached  beyond  which  the  increase, 
if  obtained  at  all,  is  slow  and  very  costly.  Several  causes  are  respon- 
sible for  this: 

First.  The  maintenance  requirement  of  the  animal  increases  with 
its  gain  in  weight,  as  has  been  shown  by  Kellner.*  The  capacity  of 
the  digestive  organs,  however,  undergoes  no  corresponding  increase, 
and  consequently,  as  pointed  out  in  a  pre\nous  paragraph,  not  only 
is  the  amount  of  excess  feed  correspondingly  reduced  but  its  pro- 
portion in  the  ration  is  made  less,  so  that  the  total  feed  requirement 
per  unit  of  gain  will  be  greater. 

f'Div  I^iaiulwirtschaftlirhfii  VcnirVis-Stationen,  Ixl.  50,  p.  245. 
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Second.  The  appetite  of  well-fattened  animals  not  infrequently 
diminishes,  residting  in  a  lessened  consumption  of  feed.  This  again 
has  a  double  effect,  diminishing  the  total  amoimt  of  excess  feed 
available  and  reducing  the  proportion  of  excess  feed  to  total  feed. 

Third.  It  seems  probable  that  a  unit  gain  in  live  weight  toward  the 
close  of  the  fattening  period  represents  a  larger  storage  of  energy  than 
the  same  gain  at  its  beginning. 

For  all  these  reasons  it  is  natural  that  the  '* condition"  of  the 
animal — that  is,  its  state  of  fatness — should  have  a  marked  effect  on 
the  rate  and  economy  of  gain.  Greorgeson**  reports  the  following 
results  for  a  lot  of  3-year-old  grade  Shorthorn  steers,  the  number  of 
days  given  in  the  table  meaning  in  each  case  the  number  from  the 
beginning  of  the  feeding: 

Grain  consumed  by  steers  per  pound  of  gain  at  Kansas  Experiment  Station. 


Number  of  days 
fed. 

Grain  con- 
sumed per  '. 
pound  of 
gain. 

56 

Pounds. 
7.30 
a  07 
8.40 
9.01 
9.27 

laoo 

84 

112 

140 

I(i8 

182 

Henry''  reports  the  following  similar  results  for  fattening  swine: 

Influence  of  length  of  fattening  period  on  the  feed  consumption  and  gain  of  hogs  at  the 

Wisconsin  station. 


First  week 

Second  week.. 
Third  week — 
Fourth  week.. 
Fifth  week.... 
Sixth  week — 
Seventh  week. 
Eighth  week.. 
Ninth  week,. - 
Tenth  week . . . 
Eleventh  week 
Twelfth  week- 


Average 
weight. 

Average 
weekly 
gain. 

Feed  eaten 

during 

week  per 

hog. 

Pounds. 

Pounds. 

Pounds. 

222 

11.4 

41 

235 

ia3 

48 

240 

10.5 

50 

2.57 

10.7 

50 

270 

13.9 

51 

281 

10.1 

51 

294 

13.1 

51 

303 

8.9 

51 

313 

10.5 

52 

322 

8.9 

52 

332 

9.6 

52 

340 

8.8 

52 

Feed  for  100  pounds 
of  gain. 


By  weeks. 


Pounds. 
362 
302 
476 
473 
368 
510 
391 
572 
499 
687 
649 
608 


By  four- 
week 
periods. 


Pounds. 
418 


461 


659 


On  the  other  hand,  Mumford,^  in  large-scale  feeding  experiments 
with  cattle,  has  failed  to  note  any  such  marked  diminution  of  the  gain 
during  the  later  stages  of  feeding  as  has  been  generally  found  by  other 
experimenters. 

«  Kansas  Experiment  Station,  Bulletin  34,  p.  95. 

b  Feeds  and  Feeding,  second  edition,  p.  555. 

c  Illinois  Experiment  Station,  Bulletin  103,  p.  57. 
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There  is  no  sufHcient  evidence  on  record  to  show  whether  or  not 
the  actual  percentage  utilization  of  the  excess  feed  diminishes  with 
the  advance  of  fattening. 

FEBD  BBQTJIBBMENTS  FOB  MBAT  PBODT7CTION. 

The  feed  requirement  of  the  meat-producing  animal  is  of  a  dual 
character:  First,  there  must  be  a  sufficiency  of  protein  to  replace  the 
amounts  katabolized  in  the  vital  processes  and  to  supply  material  for 
new  growth.  Second,  the  animal  must  receive  an  amoimt  of  poten- 
tial energy  in  available  form  sufficient  to  maintain  the  normal  activi- 
ties of  the  body  and  to  leave  a  surplus  for  storage  in  the  form  of  flesh 
and  fat. 

PBOTEIN. 

As  regards  the  protein  supply,  there  is  necessarily  a  physiological 
minimum,  but  as  yet  we  are  far  from  being  able  to  formulate  it  with 
exactness.  On  previous  pages  an  approximate  estimate  was  attempted 
of  the  rate  at  which  protein  growth  takes  place  at  different  ages,  while 
from  other  sources  some  idea  of  the  maintenance  protein  requirements 
for  animals  of  different  weights  can  be  formed.  When  these  two 
requirements  were  added  together,  however,  it  was  foimd  that  their 
sum  was  notably  less  than  what  practical  experience  indicates  to  be 
necessary;  and  we  were  led  to  conclude  that  protein  is  required  for 
some  other  piu*pose,  possibly  in  connection  with  the  more  active  metab- 
olism in  the  growing  or  fattening  animal. 

This  conclusion,  however,  leaves  us  for  the  present  dependent  upon 
the  results  of  ordinary  feeding  experiments  and  of  experience  for 
our  conclusions  as  to  the  protein  requirements  for  meat  production. 
Few  or  no  experiments  directed  specifically  to  the  determination  of  the 
protein  requirements  of  growing  animals  of  different  species  and  at 
different  ages  are  on  record.  The  investigations  recorded  and  con- 
sidered on  previous  pages  in  discussing  the  laws  of  growth  do,  it  is  true, 
include  data  as  to  the  amounts  of  digestible  protein  consumed  by  the 
animals,  but  while  it  seems  probable  that  these  were  ample  in  most  or 
all  cases  to  secure  a  normal  growth,  there  is  no  evidence  that  a  smaller 
quantity  of  protein  would  not  have  been  equally  effective.  A  con- 
siderable amount  of  material  along  the  same  line  awaits  the  compiler 
in  the  form  of  records  of  practical  experiments  in  feeding  growing  ani- 
mals, from  which  it  should  at  least  be  possible  to  compute  what 
amounts  of  protein  are  actually  used  by  good  feeders. 

There  is  likewise  a  considerable  number  of  experiments  in  which 
rations  of  different  nutritive  ratios  have  been  compared  in  their  effects 
on  the  gain  in  live  weight  of  fattening  animals.  If  in  such  an  experi- 
ment, in  which  the  total  amounts  of  feed  consumed  do  not  differ 
widely,  we  find  that  the  wider  nutritive  ratio  has  been  as  efficient  as 
the  narrower  as  regards  gain  in  live  weight,  and  if  the  gain  appears  to 
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be  normal  in  amount,  there  is  a  strong  presumption  that  the  lesser 
amount  of  protein  in  the  wider  ration  was  at  least  sufficient  for  the 
needs  of  the  animal.  If  a  block  test  shows  a  normal  character  of 
growth,  this  presumption  is  further  strengthened.  Furthermore,  if 
we  find  that  rations  considerably  poorer  in  protein  than  the  current 
standards  call  for  give  good  results  in  actual  practice,  the  probabiUty 
is  that  they  contain  a  sufficiency  of  protein.  Obviously  data  of  this 
sort  can  not  fix  the  lower  limit  of  protein  supply,  but  they  may  furnish 
a  basis  for  the  formulation  of  rules  for  practice. 

The  writer  has  attempted  to  bring  together  on  subsequent  pages 
what  seems  to  be  the  more  valuable  of  the  readily  available  data,  but 
the  critical  study  of  the  entire  mass  of  material  on  record  is  beyond  the 
strength  of  a  single  investigator,  although  the  task  seems  one  well 
worth  accomplishment. 

ENERGY. 

In  addition  to  the  protein  necessary  for  maintenance  and  growth, 
the  meat-producing  animal  requires  sufficient  total  feed  to  support  the 
bodily  activities  and  leave  a  surplus  for  the  production  of  a  certain 
amount  of  adipose  tissue.  It  has  been  shown  that  all  the  chief  ingre- 
dients of  the  digested  feed  may  serve  for  this  purpose,  and  the  amount 
of  material  thus  available  may  be  conveniently  expressed  in  terms  of 
energy.  The  most  rational  basis  of  comparison  would  seem  to  be  what 
has  been  designated  as  net  available  energy,  but  since  so  few  determi- 
nations of  availability  have  been  made  it  will  be  more  convenient  to 
base  the  discussion  upon  the  so-called  metabolizable  energy,  or  *'fuel 
value." 

It  is  clear  at  the  outset  that  we  can  not  speak  of  the  energy  require- 
ment for  meat  production  in  the  same  sense  that  we  can  of  the  protein 
requirement.  In  the  latter  case  there  is  a  certain  natural  rate  of 
increase  of  protein  tissue  for  which  material  must  be  supplied.  In  the 
former  case,  assuming  the  protein  supply  to  be  sufficient,  it  is,  except 
as  protein  may  be  necessary  for  the  more  active  metabolism  incident 
to  fattening,  simply  a  question  of  a  greater  or  less  production  of  fat,  or, 
in  other  words,  of  the  rapidity  of  the  process.  This,  however,  is  quite 
as  much  an  economic  as  a  physiological  question.  Is  it  more  profit- 
able to  seek  the  most  rapid  increase  possible,  or  will  a  more  moderate 
rate  of  gain  yield  a  greater  return  for  the  feed  invested? 

FATTENING. 

In  the  discussion  of  feed  requirements  for  meat  production  we  have 
to  distinguish  between  the  standpoint  of  the  man  who  buys  nearly 
mature  animals  and  prepares  them  for  the  market  by  a  relatively  brief 
fattening  process,  and  that  of  the  man  who  grows  meat  animals  from 
birth.  The  latter,  again,  may  market  his  animals  in  the  unfattened 
condition  as  ^  *stockers,'^  as  is  largely  the  case  with  cattle  in  the  United 
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States,  or  he  may  combine  growth  and  fattening  and  aim  to  put  his 
animals  on  the  market  in  condition  for  the  butcher,  as  is  ordinarily 
done  -with  hogs.  For  convenience,  we  may  take  the  former  case  first, 
as  being  in  some  respects  the  simpler. 

Under  present  conditions  in  the  United  States  but  a  small  propor- 
tion of  the  fat  cattle  marketed  at  the  large  centers  of  the  trade  have 
been  grown  and  fattened  by  the  same  owner.  Thus  Mumford**  esti- 
mates that  only  about  15  per  cent  of  those  marketed  in  Chicago  are 
carried  from  birth  to  maturity  without  changing  hands.  The  fatten- 
ing of  the  other  85  per  cent  is  substantially  a  commercial  undertaking, 
involving  a  considerable  element  of  speculation,  and  the  time  con- 
sumed in  the  fattening  becomes  an  important  element  in  determining 
the  profit  of  the  transaction.  While  the  producer  of  '^stockers'*  has 
simply  to  see  to  it  that  his  animals  secure  sufficient  feed  to  supply  the 
demands  of  normal  growth,  the  feeder  of  fat  cattle  desires  to  push  the 
fattening  to  the  limit  set  by  considerations  of  cost.  This  he  has  to 
accomplish  by  the  use  of  relatively  expensive  feeds;  hence,  the  ques- 
tion of  feed  requirements  and  of  the  most  complete  utilization  of  feeds 
becomes  a  very  vital  one. 

Substantially  the  same  general  considerations  apply  to  mutton  pro- 
duction as  to  beef  production,  while  with  swine,  on  the  other  hand, 
growth  and  fattening  are  more  commonly  combined. 

PROTEIN   REQUIBEKENT8. 

MaXnre  aninfKils. — ^Abundant  data  exist  to  show  that  the  protein 
requirements  of  matiu*e  fattening  animals  as  formulated  in  Wolff's 
feeding  standards  have  been  greatly  exaggerated.  So  far  as  protein 
is  concerned  these  standards  appear  to  have  been  based  upon  the 
then  prevailing  views  as  to  the  source  of  animal  fat  rather  than  upon 
actual  experimental  investigation.  Indeed,  Wolff  himself  has  demon- 
strated the  excessiveness  of  the  protein  requirement  as  regards  sheep. 
In  1890  he  published^  the  results  of  a  comparison  made  in  1885-86 
of  maize  and  beans  as  feed  for  fattening  sheep,  using  two  lots  of  two 
mature  sheep  each.  After  a  preliminary  feeding,  the  following  results 
were  obtained  in  107  days'  feeding: 


Influence  of  protein  supply  on  gain  by  irvatiire  fattening  sheep. 

Items. 

Lot  1,  led 

on  hay 

and  beans. 

Lot  2,  fed 

on  hay 

and  maize. 

Wdffht  Rt  hAo4nntnir            

Kilograms. 
99.93 

KUograrM. 
98.61 

wei^tatciSr!^ :;::::::::::::::::::::.::::::::::::.:;::::::::::::::.. 

118.76 

118.66 

OnJi) 

1&82 

3.26 
18.19 

19.95 

Digestible  matter  eaten  per  1,000  kilograms  live  weight: 

Protein                           

L81 

Total  dlsestible  (fat  X  2. 4) 

19.20 

a  Illinois  Experiment  Station,  Circular  79. 
frLandwlrtschaftliche  Jahrbacber,  bd.  19,  p.  823. 
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The  lot  receiving  maize  is  seen  to  have  produced  about*  the  same 
gain  relatively  to  the  digestible  matter  consumed,  not\^dtlistanding 
the  smaller  amount  of  protein  supplied.  A  block  test  tended  to  show 
a  slight  superiority  on  the  part  of  lot  2.  Similar  experiments  made 
in  1892  and  published  in  1896*  gave  confirmatory  results,  bariey 
being  compared  with  beans  on  one  animal  each.  The  following  table 
shows  the  actual  digestible  nutrients,  computed  per  1,000  kilograms 
hve  weight,  and  the  total  gain  for  each  period : 

Influence  of  protein  supply  on  gain  by  mature  fattening  sheep. 


Period. 

Num- 
herol 
days. 

Sheep  N 

o.  1  fed  on  barley. 

Sheep  No.  2  led  on  beans. 

Total  gain. 

Digested  per  1,000 
kilograms  live  weight. 

Total  gain. 

Digested  per  1.000 
kUograms  live  weight. 

Protein. 

Total 
nutrients. 

Protein. 

Total 
nutrients. 

Ill 

29 
20 

38 

Kilograms. 
1.6 
1.4 
4.0 

Kilograms. 
1.62 
1.  (« 
2.05 

Kilograms. 
14.69 
1&23 
17.32 

Kilograms. 
2.4 
.9 

Kilograms. 
a  13 
2.95 

KUograms. 
16.12 

IV 

iaQ2 

V  .. 

3.6'         aei 

16l32 

Total.     .   . 

7.0 

a9 

In  the  final  period  of  Weiske's  experiments  with  lambs,**  described 
on  page  16,  the  animals,  then  2  years  old,  received  an  exclusive  hay 
ration  from  which  they  digested  1.22  kilograms  of  protein  per  1,000 
kilograms  hve  weight.  While  no  material  fattening  was  possible  on 
such  a  ration,  there  was  still  a  gain  of  protein  neariy  as  great  per 
head  as  in  earUer  periods,  thus  rendering  it  probable  that  the  pro- 
tein supply  was  at  least  neariy  sufficient  for  a  moderate  rate  of 
fattening. 

On  the  basis  of  these  results  we  shall  hardly  go  far  astray  if  we 
say  that  1.5  pounds  of  digestible  protein  per  1,000  pounds  hve  weight 
is  at  least  sufficient  for  mature  fattening  sheep.  Whether  this  could 
be  further  reduced  does  not  appear. 

Lehmann*'  has  reported  briefly  an  experiment  wth  sheep  in  which 
400  kilograms  of  cotton-seed  meal  was  fed  to  one  lot  and  450  kilo- 
grams of  maize  to  a  comparison  lot,  along  with  coarse  fodder,  the 
respective  gains  being  39.6  and  39.67  kilograms.  The  data  are  insuf- 
ficient for  a  computation  of  the  digestible  matter  of  the  rations. 
Funke^  also  reports  an  interesting  case  of  the  satisfactory  fattening 
of  mature  cattle  on  potatoes  and  straw,  but  gives  no  numerical  data. 

Kellner's  extensive  respiration  experiments  with  cattle  at  Moeckern 
have  shown  ^  that  no  larger  proportion  of  energy'  is  stored  from  pro- 

«Ibid.,bd.  25,  p.  175. 

ft  Ibid.,  bd.  9,  p.  205. 

clbid.,  bd.  30,  Supp.  II,  p.  162. 

^Journal  fiir  Landwirtschaft,  bd.  41,  p.  208. 

«Die  Landwirtschaftlichen  Ver.suchs-Stationeii,  bd.  53,  p.  469. 
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tein  than  from  fat  or  carbohydrates.  This  is  equivalent  to  saying 
that  the  excess  feed  is  no  more  efficient  for  fattening  when  it  con- 
tains much  protein,  and  the  only  question  remaining  is  whether  any 
larger  proportion  of  the  resulting  gain  consists  of  protein.  To  test  this 
question,  the  reported  results  of  the  experiments  have  been  grouped 
according  to  the  amount  of  digestible  protein  (N.  X  6.25)  fed,  yielding 
the  following  averages  per  day  and  head: 

Percentage  of  protein  in  gain  by  mature  fattening  cattle. 


Num- 
ber of 
experi- 
ments. 

Average 

live 
weight. 

Digestible  protein  fed. 

Gain. 

Protein 
in  gain. 

Group. 

Range. 

Average. 

Protein. 

Fat. 

1 7 

II 14 

III 1          18 

IV, 1          11 

V 10 

Kilot. 

656 
651 
667 
671 
691 

ChraiM. 
280-    399 
400-    590 
600-    799 
80O-    999 
1,000-1,830 

Granu. 
343 
485 
713 
894 
1,407 

Chrams. 
57.2 
53.6 
87.4 

loas 

10&5 

OratM. 
40a2 
403.5 
44a9 
507.8 
52L0 

Per  cent. 
12.50 
1L73 
1&54 
1&91 
17.24 

Apparently  the  tendency  of  the  larger  protein  supply  in  the  feed 
was  to  increase  somewhat  the  proportion  of  protein  in  the  gain,  even 
with  these  fully  mature  animals  (6  to  8  years  old).  As  noted  on 
page  31,  however,  the  periods  covered  only  two  to  four  weeks,  and 
it  may  be  questioned  how  long  this  gain  of  protein  would  have  con- 
tinued. In  other  words,  we  are  again  confronted  with  the  question 
whether  any  considerable  gain  of  protein  is  possible  in  mature 
animals. 

The  periods  being  short  in  these  experiments,  the  eflFect  of  the 
different  rations  on  the  live  weight  can  not  be  satisfactorily  deter- 
mined, and  therefore  the  results  are  not  fully  comparable  with  those 
previously  given  nor  with  those  to  be  considered  later.  It  is  evident, 
however,  that  very  satisfactory^  results  may  be  attained  with  mature 
cattle  on  rations  containing  scarcely  more  protein  than  is  required 
for  maintenance,  as  is  evident  when  we  compute  the  digestible  pro- 
tein in  the  above  experiments  per  1,000  kilograms  Uve  weight,  viz: 

Kilograms. 

Group  1 0. 523 

Group  II 745 

Group  III 1. 069 

Group  IV 1.332 

Group  V 2.167 

Loges  "  reports  the  results  of  experiments,  undertaken  at  Pomritz 
to  test  Kellner^s  conclusions,  in  which  a  nutritive  ratio  of  1:10.3 
gave  as  great  gains  in  weight  with  mature  cattle  as  one  of  1:5.7,  but 
the  absolute  amounts  of  protein  consumed  are  not  stated  in  the 
abstract. 

o  Biedermann's  Central-Blatt  fiir  Agrikulturchemie,  etc.,  bd.  31,  p.  646. 
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Apparently  from  0.75  to  1  kilogram  of  digestible  protein  per  1,000 
kilograms  live  weight  is  amply  sufficient  to  meet  the  requirements 
of  fully  mature  fattening  cattle. 

Immature  animals. — ^By  far  the  larger  share  of  the  meat  produc- 
tion of  the  United  States  is  derived  from  animals  that  have  not 
reached  full  maturity,  the  feeder  planning,  consciously  or  uncon- 
sciously, to  take  advantage  of  the  capacity  for  growth  of  the  imma- 
ture animal  and  thus  to  combine  to  a  certain  degree  gro¥Fth  and 
fattening. 

For  years  feeders  in  the  com  belt  of  the  United  States  have  been 
fattening  nearly  mature  cattle,  sheep,  and  hogs  chiefly  on  Indian 
com,  using  rations  that  can  hardly  have  had  a  narrower  ratio  than 
1:10,  and  must  often  have  been  much  wider.  It  would  be  foolish  to 
assert  that  these  feeding  practices  have  always  been  the  most  rational. 
There  is  little  doubt  that  more  and  better,  and  possibly  cheaper, 
meat  might  often  have  been  produced  had  more  protein  been  sup- 
plied, but  it  nevertheless  remains  tme,  in  a  broad  way,  that  at  least 
fairly  satisfactory  results  have  been  and  are  being  reached  on  rations 
containing  scarcely  half  the  protein  called  for  by  the  Wolff  standard 
for  mature  animals.  At  the  same  time,  accurate  numerical  data  as 
to  the  rations  fed  in  practice  are  not  easily  obtained. 

The  earliest  American  experiments  on  the  protein  requirements  of 
fattening  cattle  of  which  the  writer  has  knowledge  are  those  of  Jor- 
dan *•  in  1881-1885,  in  which  the  value  of  cotton-seed  meal  as  an 
addition  to  com  meal  was  tested.  The  following  tabulation  gives 
such  of  the  results  of  the  experiments  as  bear  on  the  present  discus- 
sion. When  necessary,  the  digestible  protein  of  the  rations  has  been 
computed  by  the  writer,  while  as  an  approximate  measure  of  the 
total  quantity  of  food  (energy)  in  the  rations  their  "production 
values"  have  been  computed  from  Kellner's  table. 

Comparison  of  cxfnv-mcal  ivith  com-meal  and  cotton-seed-jneal  rations  for  fattening  cattle. 


Per  day  and  1,000 
pounds  live  weight 
at  beginning  of 
period. 


Com-meal 
ration. 


Com-meal 
and  cotton- 
seed-meal 
ration. 


1881S2. 

Eastern  farm,a  ninety-seven  days: 

Digestible  protein pounds. .  1. 06 

Production  value calories. .  13,630 

Gain  In  weight pounds. .  1. 28 

Central  farm,  eighty-four  days: 

Digestible  protein do 1. 24 

Production  value calories. .  16,070 

Gain  in  weight pounds. .  1. 135 

Relative  gains do 100 

Relative  gains  on  preliminary  feeding do 100 

a  Pennsylvania  State  College,  Bullethis  6  and  10;  Report  for  1886,  p.  175. 


2.08 

12,730 

1.84 

2.17 

12,330 

1.602 

149 

144 
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CompariMm  of  corn-meal  v)Hh  com^meal  and  coUon-^eed-meal  rations  for  fattening  cattle — 

Continued. 


Per  day  and  1,000 
pounds  live  weight 
at  beginning  of 
period. 


First  period,  forty-nine  days: 

Digestible  protein pounds. 

Production  value calories. 

Gain  in  weight pounds. 

Second  period,  forty-two  days: 

Digestible  protein do. .. 

Production  value calories . 

Gain  in  weight pounds. 

1883-S4. 
2-year-old8,  seranty-eeven  days: 

Digestible  protein pounds. 

Production  value calories. 

Gain  in  weight pounds. 

S-year-olds,  seventy-seven  days: 

Digestible  protein do. . . 

Production  value calories. 

Gain  in  weight pounds. 

4-year-olds,  seventy-seven  days: 

Digestible  protein do. . . 

Production  value calories. 

Gain  in  weight pounds. 

2-year-old8,  sixty-three  days: 

Digestible  protein pounds. 

Production  value calories. 

Gain  in  weight pounds. 

3-year-old8.  sixty-three  days: 

Digestible  protein do. . . 

Production  value calories. 

Gain  in  weight pounds. 


1.80 

10,710 

1.172 

1.87 
11,420 
1.5S7 


2.20 

13,440 

2.79 

2.10 

12,180 

1.51 

2.15 

12,260 

^86 


1.74 

10,280 

2.05 

1.63 

10,050 

l.»7 


Assuming,  according  to  Kellner,  a  requirement  of  6  pounds  of 
starch  equivalent,  equal  to  6,426  calories  production  value,  for 
maintenance,  the  experiments  of  1881-82  and  1882-83  show  an 
advantage  on  the  side  of  the  higher  protein,  but  the  difference  is 
much  less  marked  in  1882-83,  when  the  cattle  are  said  to  have  been 
older,  although  the  ag^  are  not  stated. 

The  experiments  were  continued  by  Frear*  in  1885-86  on  the 
same  general  plan,  but  with  greater  elaboration  of  detail.  Two  lots 
of  two  3-year-old  steers  received  per  1,000  pounds  live  weight  rations 
containing  the  following  amounts  of  digestible  protein  per  day  as 
determined  by  digestion  experiments:  Steers  2  and  3,  Period  II, 
1.61  pounds;  Period  III,  1,69  poimds.  Steers  1  and  4,  Period  II, 
0.79  poimd;  Period  III,  0.93  pound.  The  apparent  advantage  was 
on  the  side  of  the  low  protein  rations,  but  the  periods  were  short  and 
there  was  no  close  agreement  between  the  individual  animals. 

o^  Average  of  two  periods  in  which  the  rations  of  the  two  lots  were  interchanged. 

&  Animals  not  thrifty. 

c  Pennsylvania  State  College,  Report  for  1886,  p.  180. 
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Two  lots  of  2-year-old  steers  gave  the  following  results  per  day 
per  1,000  pounds  live  weight: 

Gains  by  ^-year-old  steers  on  a  conv-meal  ration  and  on  a  coUon-seed  meal  ration. 


Digestible  protein pounds.. 

Production  value calories. . 

Gain  in  weight pounds. . 


In  almost  every  case  the  gain  per  unit  of  "production  value"  is 
greater  on  the  high-protein  ration,  especially  if  we  deduct  the  proba- 
hle  maintenance  requirement  and  make  the  comparison  on  the  hasis 
of  the  excess  feed.  We  may  fairly  attribute  this  greater  increase  to 
a  greater  growth  of  meat,  with  its  large  percentage  of  water,  made 
possible  by  the  larger  protein  supply.  Apparently  a  ration  of  from 
1  to  IJ  pounds  of  digestible  protein  (N.X6.25)  per  day  per  1,000 
pounds  Uve  weight  is  insufficient  to  insure  the  normal  growth  of 
meat  in  steers  2  to  3  years  old. 

Some  comparatively  recent  experiments  at  the  Missouri  Experi- 
ment Station^  tend  to  confirm  these  early  Pennsylvania  results. 
They  have  thus  far  been  pubhshed  only  in  outline,*  and  in  particular 
the  weights  of  the  animals  are  lacking,  so  that  the  comparison  per 
1,000  pounds  live  weight  can  not  be  made. 

Results  in  feeding  steers  at  the  Missouri  Experiment  Station. 


Animals  and  rations. 


Yearling  steers: 

Timothy  hay 

Com  stover  and  clover  hay 

Yearling  steers,  1899: 

Com  and  timothy  hay 

Com  stover  and  clover  hay 

Com  and  cowpca  hay 

Yearling  steers,  1900: 

Com  and  timothy  hay 

Com  and  clover  hay 

Com  stover  and  clover  hay 

2-year-old  steers,  1890-1900,  lull  feed: 

Com  and  timothy  hay 

Com  and  covrpea  hay 

Com,  clover  hay  and  com  stover. 
2-year  old  steers,  1900-1901,  full  feed : 

Com  and  timothy  hay 

Com  and  clover  hay 

Com  and  cowpca  hay 

(Mover  hay  and  com  stover 

Clover  hay  and  wheat  straw 


Digestible      Produc- 
protein  of  |  tion  value 
ration.       of  ration. 


Gain  in 

weijrht  pa 

day. 


Calories,       Pounds. 
7,284  f».S 

7,723  «5S.4 


8,624 
8,968 
11,323 

10,097 
11,541 
11,166 

20,040 
22,942 
21,577 

20,689 
24,814 
25,637 
23,466 
22,919 


1.54 

i.no 

2.00 
1.35 


2.M 
1.94 

2.M 
2.M 
2.85 
2.68 


If  we  may  assume  an  average  live  weight  of  700  pounds  per  head 
for  the  yearUngs  and  of  1,000  pounds  per  head  for  the  2-year-olds, 

a  Monthly  Bulletin  Missouri  Board  of  Agriculture,  September,  1901;  University 
of  Missouri,  Circular  of  Information  No.  11. 

&  Further  data  regarding  the  experiments  on  yearlings  have  appeared  in  Bulletin 
75  of  the  Missouri  Station. 

c  Total  for  experiment. 


digitized  by  V3OOQ IC 


COMPARISON   OF   RATIONS. 


63 


the  minimum  requirement  for  2-year-olds  would  seem  to  be  some- 
what higher  than  that  indicated  by  the  Pennsylvania  experiments, 
viz,  more  than  1.5  pounds,  while  that  for  yearlings  is  apparently 
fully  2  pounds  per  day  per  1,000  pounds  live  weight. 

Mumford  "  has  compared  a  ration  of  com,  timothy  hay,  and  com 
stover  with  rations  in  which  on  the  one  hand  clover  hay  was  substi- 
tuted for  the  com  stover  and  timothy  hay,  and  on  the  other  hand 
gluten  meal  replaced  part  of  the  corn,  the  animals  being  native 
steers,  weighing  about  970  pounds,  and  of  common  to  medium 
quality,  fed  in  carload  lots.  The  bulletin  states  the  total  feed  con- 
sumed during  the  eighteen  weeks  of  the  experiment.  The  average 
daily  ration  should  therefore  be  compared  with  the  live  weight  at 
the  middle  of  the  experiment.  Using  average  figures,  the  writer  has 
computed  the  digestible  matter  and  production  values  of  these  rations 
as  follows: 

Feed  consumed  per  l,()iX)  pounds  live  weight. 


Lot. 


Ration. 


Com  and  clover  hay 

Com,  timothy  hay,  and  com  atover 

Com,  gluten  meal,  timothy  hay, 

and  oom  stover 


Do- 
matter. 


Dlgestihle  matter  in  ration. 


'•«"«■'»• 'J4r.r 


Fat. 


Total 
(fat  X 

2.25). 


Produc- 
tion 
values. 


I 


Pounds.  I 
23.86 
22.19 

21.02  I 


Pounds. 
1.79  , 
1.24  ! 

1.49  j 


Pounds. 

14.81 
14.50 

13.01 


Pounds,  j 

0.85  ' 

.75  ' 


Pounds.  Calories. 
16.72  I  17,350 
16.20  16,480 

14.97  16,160 


These  rations  produced  the  following  average  daily  gains: 
Average  daily  gains  per  head  and  per  IfiOO  pounds  lire  u  eight. 


• 

!  Per  head. 

Per  1,000 

pounds  live 

weight. 

Lot  1 

Pounds. 
2. 510 

Pounds. 
2.21 

Lot  2 

1.858 

1.70 

Lots 

2.268 

2.01 

Assuming  a  maintenance  requirement  of  6  pounds  of  total  digesti- 
ble matter  per  1,000  pounds  live  weight,  or  6,426  calories  production 
value,  the  excess  feed  per  pound  of  gain  was  as  follows: 

Excess  feed  per  pound  of  gain. 


Excess  feed. 


^■"8h*-  '''^.S!'"' 


'  Pounds. 

Lotl I  4.66 

i^^2 5.71 

Lots .   .  4.21 

I 


Calories. 
4,940 
5,910 
4,340 


a  Illinois  Experiment  Station,  Bulletin  83. 
56416— Bull.  108—08 6 
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It  appears  evident  that  the  1.24  pounds  of  protein  per  1,000  pounds 
live  weight  in  the  ration  of  lot  2  was  insufficient  for  the  maximum 
increase.  Lot  1  gained  notably  more  than  lot  3,  but  also  consumed 
more  feed,  so  that  the  excess  feed  of  lot  3  appears  to  have  been  some- 
what more  efficient  than  that  of  lot  1,  while  in  both  cases  it  gave  much 
better  results  than  ^4th  lot  2. 

In  a  later  experiment  by  the  same  investigator,"  comparing  methods 
of  preparing  feeds,  in  which  choice  2  J-year-old  cattle  were  fed  in  lots 
of  10  or  15  each  for  one  hundred  and  eighty-six  days,  results  were 
obtained  bearing  on  the  subject  under  discussion.  The  publislied 
figures  do  not  admit  of  a  ready  computation  of  the  energj'  values  of 
the  rations,  but  from  data  kindly  furnished  by  Professor  Mumford 
the  average  digestible  matter  per  1,000  pounds  live  weight  at  the 
middle  of  the  experiment  has  been  computed.  The  table  includes  also 
the  average  daily  gain  of  live  weight  per  head  and  per  1,000  pounds. 

AKratjr  digestible  matter  and  gain  per  hea/i  and  per  J/)00  pounds  live  weight. 


Digpstiblo  matter  per  1,000 
pounds  live  weight. 


Daily  gain. 


Lot. 


^^^1«-  j  CarlK)hy. 

Protein.      dnitea  4- 
(fatX2.2r>>. 

Com  meal,  gluten  meal,  oil  meal,  silage,    Pounds.  |    Pounds.     <  Pounds. 

and  clover  hay '  1.71  '  13.63  15.34 

Ear  com,  gluten  meal,  oil  meal,  and  clover  I  I 

hay I  1.99  15.49 

F'ar  com  broken,  clover  h}iy '  1.49  15.52 

Com  meal,  gluten  meal,  oil  meal,  and  ■  I 

cloverhay I  1.90  14.84  1 

Com  meal,  gluten  meal,  oil  meal,  and  .  I 

chaffed  ha  v '  1.  Si  14.  48 

Com  and  co(>  meal,  gluten  meal,  oil  meal,  I  | 

and  clover  hay ■  1.70  15.46 

Com  and  cob  meal,  glut4>n  meal,  oil  meal,  I 

and  clover  hay 1.79  15.87 

Ear  com,  oil  meal,  shock  com,  and  clover  I  I 

hay I  1,67  15.40 

Shelled  corn,  gluten  meal,  oil  meal,  and  ' 

clover  hay '         2. 13  14. 86 

Shelled  com,  glut<*n  meal,  oil  meal,  and  j  | 

cloverhav '         2.13  14.88, 

Avenige  of  lots  1.  2.  4.  5.  6,  and  7 '  1.  S4  |  14. 96  I 

.\ verage  of  lots  3  and  H 1. 58  15.  46  , 

Average  of  lots  9  and  10 2. 13  I  14. 87  | 

'  I 


Per  l.iXO 


Total.     Per  head.'  l^J^,^* 
weight. 


Pounds.    Pounds. 


17.48 
17.01 

16.74 

16. 34 

17.22  ' 

17.66 

17.07 

16.99  j 

17.01  i 
16.80 
17.04  I 
17.00  , 


2.34 

2.33 
2.08 

2.38 

2.33 

2.32 

2.45 

2.08 

2.02 

1.99 
2.36 
2.08 
2.01 


1.90 

1.S5 
1.73 

l.'.io 

1>6 

1..S7 

2.00 

l.tB 

l.t» 

l.M 
l.*W 
1.71 
l.t^ 


The  daily  gain  approaches  2  pounds  per  1,000  pounds  live  weight, 
and  is  notably  uniform  except  in  lots  3,  8,  9,  and  10,  which  show  dis- 
tinctly lower  results.  Mumford  compares  especially  lots  2  and  3, 
receiving  rations  most  nearly  comparable  as  to  kind  of  feed,  and 
attril)utes  the  difference  to  the  lower  protein  content  of  the  ration  of 
lot  3.  The  ration  of  lot  8,  too,  was  not  widely  different  from  that  of 
lot  3.  On  the  other  hand,  lots  9  and  10,  which  also  gave  smaller 
gains,  c(msumed  more  protein  than  any  of  the  others.  The  pen  of 
lot  9  differed  from  the  others  in  being  unpaved  and  muddy,  which 
may  possibly  have  influenced  the  gains,  but  there  is  no  evident  reason 

o  Illinois  Experiment  Station,  liuUetin  103. 
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for  the  lower  gains  of  lot  10.  On  the  whole,  however,  the  results 
seem  to  indicate  that  to  obtain  the  maximum  growth  cattle  of  this 
age  require  more  than  1.5  pounds  of  digestible  protein  per  1,000 
pounds  weight,  agreeing  in  this  respect  with  the  earlier  experiment. 

Scheneidewind  °  reports  some  interesting  results  of  experiments  at 
Lauchstadt,  undertaken  to  test  Kellner's  conclusions  as  to  the  pro- 
tein requirements  in  fattening.  Two  experiments  were  made,  one  on 
two  lots  of  7  East  Prussian  cattle  24  months  old,  and  one  on  two  lots 
of  10  Simmenthal  cattle  18  months  old,  each  experiment  being 
divided  into  two  periods.  The  results  were  as  follows,  per  1,000 
pounds  live  weight  per  day : 

Daily  gains  from  feeding  a  high-protein  and  a  low-protein  ration  crrnpared. 


Results  with— 


I  Low-protein    Illgh-protein 
ration.  ration. 


2-YEAR-OLD  CATTLE. 

Period  I,  one  hundred  and  thirty-three  days: 

Digestible  protein , 

Total  nutrients 

Gain 

Period  II,  sixty-three  days: 

Digestible  protein 

Total  nutrients 

Gain 

18-MONTIl.S-OLl)  CATTLE 

Periml  I,  one  hundred  and  thirty- three  days: 

Digestible  protein 

Total  nutrients 

Gain 

Perio<l  II,  sixty-three  days: 

Digestible  protein 

Total  nutrients 

Gain 


Pound*. 
3.0 
18.0 
2.46 


2,64 

15.80 
2.08 


3.0 
18.0 
2.05 

2.64 
15.80 
2.76 


In  a  general  way,  these  results  are  in  accord  with  those  previously 
quoted  in  indicating  a  protein  requirement  in  the  neighborhood  of 
1.5  pounds  or  perhaps  1.75  pounds  per  1,000  pounds  live  weight  for 
2-year-old  cattle,  and  of  at  lejust  2  pounds  per  1,000  pounds  live  weight 
for  younger  animals.  Kellner^  recommends  2  pounds  per  1,000 
pounds  live  weight  for  2  to  3  year  old  cattle. 

Influence  of  protein  supply  on  quality  of  meat. — In  discussing  the 
influence  of  the  fattening  proce>ss  on  the  composition  of  the  lean  meat, 
it  has  already  been  shown  that  there  appears  to  be  usually  an  increase 
in  the  soluble  protein  and  extractives.  There  is  no  clear  evidence 
that  an  abundant  supply  of  protein  in  the  feed  favors  this  increase. 
In  view,  however,  of  the  storage  of  nitrogen  in  mature  animals,  shown 
especially  by  Kellner's  results  as  summarized  above,  we  shall  be 
mclined  to  answer  the  question  in  the  affirmative  pending  further 
experiments.  At  the  same  time,  it  may  be  questioned  whether  this  is 
a  very  important  factor  in  determining  the  commercial  quality  of  meat. 

« Landwirtschaftliclie  Jahrbiicher,  bd.  31,  p.  941.  t>  Loo.  cit.,  p.  400. 
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TOTAL   FEED. 

Assuming  that  the  feeder  has  made  such  a  selection  of  feeds  as  will 
insure  a  sufficient  protein  supply,  the  question  of  the  most  profitable 
amount  of  feed  is  of  the  utmost  importance.  Shall  he  seek  to  secure 
the  most  rapid  gain  possible,  or  will  a  more  moderate  rate  of  fattening 
yield  a  greater  return  on  the  investment?  Obviously  this  question 
is  not  capable  of  a  categorical  answer  unless  all  the  economic  con- 
ditions are  stated,  but  it  may  be  profitable  to  indicate  some  of  the 
conditions  which  will  determine  the  answer. 

Different  quantities  of  tJie  same  ration, — As  the  simplest  case,  we 
may  consider  first  the  effect  of  feeding  varying  amounts  of  the  same 
feeding  stuff  or  mixture  of  feeding  stuffs — as  might  be  done,  for 
example,  by  the  use  of  ''cut  feed.*'  In  this  way  we  may  avoid  the 
complications  incident  to  the  varying  availability  and  utilization  of 
different  feeds. 

The  percentage  utilization  of  the  metabolizable  energy  of  a  feeding 
stuff  for  meat  production  is  probably  constant  within  at  least  quite 
a  wdde  range  as  regards  the  amount  fed.  Each  additional  unit  of 
energy  consumed,  then,  will  produce  the  same  actual  storage  of 
energy  in  the  tissues  of  the  animal.  A  certain  amount  of  the  feed, 
however,  is  required  simply  to  maintain  the  animal.  Consequently, 
as  has  already  been  shown  in  discussing  the  influence  of  the  individ- 
uality of  the  animal  as  manifested  in  its  maintenance  and  its  feed 
consumption,  the  larger  the  amount  of  feed  eaten  the  larger  is  the 
proportion  of  it  which  is  available  for  production  and  the  greater  the 
gain  per  unit  of  total  feed.  Under  these  conditions  it  is  plain  that  the 
more  liberal  feeding  is  the  more  economical,  and  that  it  is  desirable 
to  stimulate  the  feed  consumption  of  the  fattening  animal  within 
reasonable  limits.  To  put  the  matter  in  another  way,  the  more  rapid 
production  due  to  heavier  feeding,  by  hastening  the  completion  of  the 
fattening  process,  shortens  the  time  during  which  the  maintenance 
ration  must  be  paid  for. 

It  is  quite  possible,  however,  that  there  are  limitations  to  this  prin- 
ciple. In  the  first  place,  it  is  obvious  that  if  the  feed  consumption  is 
stimulated  to  the  point  of  producing  digestive  or  other  disturbances, 
so  that  the  animal  is  *'  off  feed,'*  the  resulting  disturbance  and  lessened 
consumption  of  feed  may  far  outweigh  any  advantage  from  the 
increased  amount  eaten.  It  is  the  regular,  uniform  eater  that  is 
likely  to  be  the  profitable  animal,  rather  than  the  one  wath  a  capricious 
appetite. 

But  even  if  this  danger  be  avoided,  it  is  not  certain  that  the  maxi- 
mum possible  consumption  of  feed  is  the  most  profitable.  Kellner  ^ 
found  the  digestibility  of  a  mixed  ration  to  decrease  somewhat  as  the 
amount  fed  increased.  Similar  results  have  also  been  obtained  by 
Weiske,  Kiihn,  and  Jordan,  although  tlie  result  is  contrary  to  current 

«  Loc.  cit.,  p.  47. 
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tradition.  If  this  proves  to  be  the  case  with  full  feeding  in  general 
it  is  equivalent  to  a  decrease  in  the  metabolizable  energy  of  the  feed. 
Consequently,  even  though  the  gain  per  unit  of  metabolizable  energy 
might  remain  the  same,  the  gain  per  unit  of  added  feed  would  decrease. 
Whether,  however,  the  diminution  of  the  percentage  digestibility  is 
sufficient  to  set  a  limit  to  the  advantage  of  an  increased  consumption 
of  feed  remains  to  be  shown.  Morgen,"  however,  reports  experiments 
on  sheep  in  which  very  heavy  rations  actually  produced  smaller 
gains  in  Uve  weight  than  lighter  ones. 

Finally,  it  should  be  remembered  that  it  is  the  actual  gain  of  poten- 
tial energy  by  the  animal  which  we  believe  to  bear  a  constant  rela- 
tion to  the  food  energy.  It  has  been  repeatedly  pointed  out  that  the 
gain  in  Uve  weight  is  a  very  uncertain  indication  of  the  amount  of 
energy  stored  up.  It  is  quite  conceivable  that  the  larger  gain  to  be 
expected  on  the  heavier  ration  may  contain  less  water  and  more  dry 
matter,  or  less  protein  and  more  fat,  than  that  produced  on  the 
lighter  ration,  and  that  consequently  the  increase  in  weight  may  not 
be  proportional  to  the  increase  in  feed.  In  that  case,  unless  the 
higher  quality  of  the  gain  were  recognized  in  the  market,  the  economic 
advantage  attaching  to  heavier  feeding,  as  just  pointed  out,  would  be 
diminished  or  even  wiped  out. 

Varying  amount  of  concentrates. — The  general  considerations 
developed  in  the  foregoing  paragraph  apply  directly  only  to  differ- 
ent amounts  of  the  same  feed  or  mixture.  In  practice  these  con- 
ditions may  be  obtained  with  swine,  which  may  be  fed  exclusively 
on  concentrates,  but  not  with  cattle  and  sheep,  requiring  a  mixed 
ration  of  concentrates  and  fodder.  Even  with  these  animals,  how- 
ever, the  same  general  line  of  reasoning  applies  to  those  cases  in 
which  the  productive  part  of  the  rations  consists  of  a  concentrate  or 
a  mixtiwe  of  concentrates,  the  coarse  fodder  not  exceeding  the  main- 
tenance requirement.  The  case  is  the  same  as  that  supposed  for 
illustration  on  page  47.  When  we  come  to  compare  light  or  medium 
rations  with  heavj^  ones,  however,  other  considerations  enter  in. 
Since  the  coarse  fodders  are  usually  relatively  cheap,  and  since 
ruminants  are  adapted  by  nature  to  consume  large  quantities  of 
them,  a  light  or  medium  ration  for  these  animals  ^dll  usually  contain 
a  considerable  proportion  of  roughage.  When  such  an  animal  is  to 
be  put  on  full  feed,  physical  considerations  of  bulk  forbid  the  simple 
increase  of  both  coarse  fodder  and  concentrates  in  the  original  pro- 
portions, but  instead  compel  a  substitution  of  concentrates  for 
coarse  fodder  until,  in  extreme  cases,  but  a  minimmn  of  the  latter 
is  left  and  the  animal  is  brought  into  the  abnormal  condition  of 
subsisting  largely  on  concentrates. 

In  the  first  place,  speaking  in  general  terms,  a  given  weight  of  a 
concentrate  contains  more  metabolizable  energy  (fuel  value)  than 
«  Fiitterung  and  Schlachtergebnis,  pp.  22  and  33. 
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the  same  weight  of  a  coarse  fodder,  and  furthermore,  a  larger  percent- 
age of  this  larger  amount  is  utilizable  in  the  form  of  gain.  Expressed 
in  more  current  terms,  a  pound  of  concentrates  supplies  more  digesti- 
ble matter  than  a  pound  of  coarse  fodder,  and  this  digestible  matter 
is  more  efficient  in  producing  gain. 

In  the  second  place,  the  substitution  enables  the  animal  to  con- 
sume a  greater  amount  of  digestible  matter,  owing  to  the  smaller 
bulk  of  the  ration,  and  this  leaves  a  larger  supply  over  the  mainte- 
nance requirement  to  be  applied  to  productive  purposes.  A  steer 
weighing  1,000  pounds  would  hardly  consume  much  more  than  20 
pounds  of  hay  per  day,  while  if  the  hay  were  reduced  to  a  minimum 
of,  say,  6  pounds,  it  would  not  be  difficult  to  feed  ^4th  this  16  to  18 
pounds  of  concentrates.  On  the  basis  of  the  figures  for  timothy 
hay  and  com  meal  given  in  Bulletin  71  (revised  edition)  of  the 
Pennsylvania  Experiment  Station,  page  12,  we  may  make  the  fol- 
lowing comparison  of  these  two  rations,  assuming  as  the  maintenance 
requirement  7,350  calories  of  net  available  energy.  The  first  column 
shows  the  theoretical  results  on  the  hay  ration,  the  second  those 
which  would  be  obtained  by  substituting  14  pounds  of  com  meal  for 
an  equal  weight  of  hay,  and  the  third  the  effect  of  further  increasing 
the  com  meal. 

Comparison  of  rations  composed  of  timothy  hay  and  of  timothy  hay  and  com  yneal. 

Ration  II.  Ration  III, 
Ration  I,     6  pounds      6  pounds 
,^__.  '  20  pounds     tunothy       timotliy 

***™"-  of  timothy     hay  and       hay  and 

hay.         14  pounds     18  pounds 
com  meal,   com  meal. 

Calorifs.       Calories.       Calorus. 

Net  available  energy 9,7HO  21,250  26,«0 

Mainteruince 7,350  7,350  7,350 

ExcPMM  ovpr  nmlntflnance 2,430  13,900  19,130 

Comput»'<iK'»ln'^ 1,286  9,529  13,113 

Gain  iM»r  iH)Utnl  of  fwl 04  476  656 

Gain  iwr  KJUcalorios  net  available  energy 13  45  50 

a  rertrntage  of  available  energy  utilized:  For  timothy  hay  52.93  and  for  com  meal  68.55. 

It  is  evident  that  if  a  calorie  of  net  available  energy  costs  the 
same  in  the  two  feeds  there  is  a  great  advantage  in  the  substitution  of 
the  corn  meal  for  tlie  hay  and  a  further  advantage  in  increasing  the 
amount  of  corn  meal. 

The  relative  cost  of  grain  and  hay  will,  of  course,  vary  from  time 
to  time,  but  as  an  illustration  we  may  take  the  prices  used  by  Mum- 
ford  in  Bulletin  S3  of  the  Illinois  Experiment  Station,  viz,  $23  per  ton 
for  corn  meal  and  814  per  ton  for  timothy  hay.  We  should  then  have 
the  following  results:  Cost  of  ration  per  day — Ration  I,  14  cents; 
Ration  II,  20.3  cents;  Ration  III,  24.9  cents.  Cost  of  1,000  calories 
gain,  respectively,  10.89,  2.13,  and  1.90  cents. 

On  this  supposition,  taking  as  the  basis  of  computation  the  figures 
on  page   12  of  Pennsylvania  Bulletin  71  (revised  edition),  if  a  ton 
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of  com  meal  is  worth  $23  for  maintenance  or  production,  respectively, 
a  ton  of  timothy  hay  would  be  worth  $11.08  for  maintenance  and 
$8.55  for  production.  If,  now,  we  assume  the  cost  of  the  hay  to 
fall  to  $7  per  ton,  that  of  com  meal  remaining  unchanged,  the  energj^ 
suppUed  by  the  hay,  either  for  maintenance  or  production,  will  cos't 
less  than  that  supplied  by  the  com  meal.  Nevertheless,  when  we 
make  the  computation,  we  find  that  the  heavy  ration  would  still . 
give  the  cheaper  gain,  the  computed  cost  of  1,000  calories  of  gain 
being:  Ration  I,  5.44  cents;  Ration  II,  1.91  cents;  Hation  III,  1.74 
cents.  That  is,  even  at  the  relatively  high  price  assumed  for  com 
meal  as  compared  with  hay,  the  large  amount  of  the  former  which 
can  be  consumed  gives  it  the  advantage.  Even  if  we  assume  it 
possible  to  feed  30  pounds  of  hay  per  day,  the  cost  of  1,000  calories  of 
gain  still  remains  much  higher  than  on  the  grain  rations,  viz,  2.71  cents. 

Standards. — It  is  clear  from  the  foregoing  that  under  ordinarv 
conditions  matiwe  or  nearly  mature  fattening  animals  should  be  fed 
as  heavily  and  pushed  as  rapidly  as  the  capacity  of  the  animals  and 
the  skill  of  the  feeder  will  permit.  This  conclusion  was  reached 
long  ago  by  practical  feeders,  so  that  the  results  of  experience  and 
of  scientific  investigation  appear  quite  in  harmony.  Such  an  inten- 
sive feeding  can  be  effected  only  by  a  free  use  of  concentrated  feeds, 
and  our  computations  in  the  preceding  paragraph  indicate  clearly  that, 
unless  concentrates  are  very  expensive  as  compared  >\^th  coarse 
feed,  it  is  economy  to  substitute  the  former  for  the  latter  to  the 
largest  extent  possible. 

Under  these  conditions  it  is  evident  that  there  is  ver^'  little  signifi- 
cance in  a  feeding  standard  in  the  ordinary  sense,  so  far  at  least  as 
the  amount  of  feed  is  concerned.  It  may,  it  is  true,  serve  to  afford 
a  basis  for  preliminary^  computation  of  the  amount  of  feed  required 
for  a  season's  feeding,  if  this  is  of  any  importance,  but  in  actual 
feeding  the  problem  is  to  induce  the  animals,  by  means  of  the  art  of 
the  skilled  feeder,  to  consume  large  amounts  of  feed  without  injury^ 
to  their  appetites  or  digestive  capacity,  and  this  is  largely  a  ques- 
tion of  the  individuality  of  the  animal  or  lot.  The  one  thing  to  be 
kept  in  mind  is  to  see  that  the  supply  of  protein  in  the  ration  is 
sufficient  to  insure  the  normal  growth  of  protein  tissue,  since  this 
causes  a  relatively  rapid  increase  in  weight. 

GROWTH. 

The  fattening  of  mature  or  nearly  mature  animals  which  we  have 
been  considering  is  essentially  an  improvement  in  the  quality  of  the 
meat,  and  may  be  characterized  as  largely  a  commercial  undertaking. 
As  was  insisted  at  the  outset,  the  production  of  meat  in  the  stricter 
sense  is  possible  only  during  growth,  and  is  relatively  more  rapid  the 
younger  the  animal.  The  question  of  feed  requirements  for  growth 
is  therefore  one  of  prime  importance  in  meat  production,  and  from  a 
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general  point  of  view  is  of  equal  importance  whether  the  processes  of 
growth  and  fattening  are  carried  on  by  one  owner  or  by  separate 
parties. 

PROTEIN    REQUIREMENTS. 

Growth,  as  we  have  seen,  being  largely  synonymous  with  increase 
of  protein  tissue,  a  knowledge  of  the  amount  of  protein  required  for 
normal  growth  is  of  the  highest  importance.  As  has  been  pointed 
out  (page  29),  however,  we  are  not  yet  able  to  formulate  any  general 
statement  on  this  point,  nor  have  we  any  specific  experimental  data 
as  to  the  minimum  protein  requirements  at  different  ages,  but  must 
content  ourselves  with  such  empirical  data  as  the  records  of  successful 
feeding  experiments  afford. 

Protein  requirements  of  cattle. — The  experiments  tabulated  earUer 
in  discussing  the  rate  of  growth  include  three  series  of  experiments 
upon  young  calves,  viz,  those  of  Soxhlet,  DeVries  Jzn,  and  Neumann, 
the  feed  being  whole  milk  in  the  first  case  and  skim  milk  in  the  last, 
while  De  Vries  Jzn's  experiments  include  both,  in  some  cases  with 
the  addition  of  starch  to  the  skim  milk. 

We  may  perhaps  assume  that  the  amount  of  whole  mUk  consumed 
by  the  calf  gives  an  approximate  measure  of  its  requirements.  The 
natural  conclusion  from  this  would  be  that  the  skim-milk  calves 
tended  to  receive  an  excess  of  protein.  Computing  the  results  per 
1 ,000  pounds  live  weight  and  grouping  by  ages  we  have  the  following 

summary: 

Protein  supply  and  protein  gain  of  calves. 


Authority. 


Soxhlet. 


DeVries  Jzn. 


Anim&l. 

Period. 

1 

1 

T 

1  ii 

I 

11 

1 

1 
Average 

ii 

Digestible       Gain  of 
:  protein  per  protein  per 
Age.  1,000  1,000 

'  pounds  live  pounds  live 
I    weight.     ;     weight. 


1  Days. 

Pound*. 

Pounds. 

1         18 

4.24 

2.80 

32 

4.29 

2.71 

1          15 

6.50 

3.55 

21 

4.77 

3.02 

1           « 

5.71 

3.99 

Average. 


.Vverage. 


Neumann. 


First  aeries. 


I  ... 

II  .. 

in. 
II ., 
n.. 
Ill 


Second  series -{lI  . 

IV. 


19 

4.90 

3.22 

38 

4.93 

2.12 

37 

5.61 

2  28 

45 

3.48 

2.17 

40, 

4.67 

2.19 

50  , 

5.21  1 

1.50 

05 

4.48  ' 

1.72 

74  , 

4.26  , 

1.27 

64 

4.37 

1.21 

i          63 

2.84 

1.21 

'          74  1 

2.79 

1.27 

1          ^^ 

a99 

1.36 

100 

3.32 

1.19 

40 
45 

62  ' 


Average . 


6.30 
5.94 
5.70 
5.36 
5.28 


55  , 


6.72 


2.95 
2.42 
2,28 
1.61 
1.82 


2.22 
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Neumann  used  skim  milk  exclusively,  giving  somewhat  heavier 
rations  than  in  the  other  cases,  but  did  not  obtain  a  materially  greater 
gain  of  protein  by  the  animals  than  did  the  other  experimenters,  if 
we  except  the  second  group  of  the  experiments  by  De  Vries  Jzn. 

On  older  cattle  we  have  the  following  results  of  Jordan's  experiments. 
The  data  given  are  those  reported  for  animals  Nos.  2  and  3. 

Protein  consumed  by  cattle. 


Period. 

Average  age. 

Digestible 
protein  per 

1,000 

pounds  live 

weight. 

First  fifteen  months: 
Steer  No.  2 

.  . 

About  15  months 

Pounds. 
1.65 

Steer  No.  3 

do 

1.12 

Last  twelve  months: 
Steer  No.  2 

About  28  months 

l.ftS 

Steer  No.  3 

do 

.95 

Steer  No.  2  gained  weight  more  rapidly  than  steer  No.  3  during  the 
first  fifteen  months,  but  the  reverse  was  the  case  during  the  last 
twelve  months. 

To  the  foregoing  results  the  general  averages  estimated  in  the 
paragraphs  on  fattening  may  be  added,  and  we  have  the  followmg  as 
the  amounts  of  protein  which  have  been  supplied  to  cattle  at  different 
ages  with  apparently  satisfactory  results: 

Amounts  of  protein  supplied  to  cattle  by  various  experimenters. 


Age. 


Experimenter. 


Digestible 
protein  per 

1,000 

pounds  live 

weight. 


19  days Soxhlet 

40  days I  De  Vries  Jzn. . 

65  days I  Neumann 

66  days |  De  Vries  Jxn. , 

100  days j do 

1  year Waters 

li  years Schneidewind. 

2  years do 

2  years Waters. 


2h  years Jordan  and  Frear. 

2}  years I  Mumford 

6-7  years Kellner 


Pounds. 

4.90 

4.67 

5.72 

3.99 

3.32 

2.00 

2.00 

1.50-1.75 

>1.50 

>1.33 

>1.50 

.  76-1. 00 


While  these  figures  must  be  interpreted  in  a  very  broad  way,  they 
show  clearly  a  decreasing  protein  requirement  per  1,000  pounds 
weight  with  advancing  maturity. 

The  results  tabulated  above  have  been  platted  graphically  on  figure 
1,  being  represented  by  the  sign  x,  while  the  upper  curve  of  the 
diagram  represents  the  Wolff-Lehmann  standards  on  the  same  scale. 

It  is  hardly  a  mere  coincidence  that  when  thus  platted  the  above 
results  give  a  curve  quite  similar  to  that  previously  found  as  represent- 
ing the  rat«  of  growth.  Furthermore,  it  is  of  considerable  interest  to 
find  that  these  results,  worked  out  independently,  and  to  a  considerable 
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extent  from  American  data,  correspond  quite  closely  with  the  WolfF- 
Lehmann  standards  for  growing  beef  cattle,  as  appears  from  a  com- 
parison of  the  figures  and  from  the  corresponding  curve  in  the  diagram. 

Protein  requirements  of  sheep. — But  few  satisfactory  data  regarding 
the  protein  requirements  of  sheep  appear  to  be  available.  A  certain 
amount  of  protein  is  of  course  required  for  the  growth  of  the  wool. 
On  the  basis  of  a  number  of  results  by  Ilenneberg  and  his  associates, 
this  may  be  estimated  at  about  0.15  pound  of  protein  per  1,000 
pounds  live  weight  per  day.  While  this,  although  small  in  itself,  is  con- 
siderably greater  than  the  accepted  estimates  for  the  growth  of  hair  in 
cattle,  yet  it  is  hardly  sufficient  to  justify  the  somewhat  current  notion 
that  sheep  require  a  considerably  greater  protein  supply  than  cattle. 

Wolff  based  his  standards  for  growing  sheep  largely  upon  experi- 
ments of  his  own.^  Somewhat  later  the  experiments  by  Weiske  ^  on 
the  growth  of  lambs,  which  have  been  cited  on  previous  pages,  afforded 
confirmation  of  Wolff^s  results.  Wolff's  experiments  included  only 
determinations  of  the  digestibility  of  the  rations  and  the  gain  in  live 
weight ;  Weiske's  included  also  determinations  of  the  nitrogen  balance, 
which  showed  an  apparently  normal  rate  of  growth.  The  following 
are  the  amounts  of  digestible  protein  per  1,000  pounds  live  weight 
consumed  in  the  two  series  of  experiments,  the  results  being  arranged 

in  order  of  age : 

Protein  consumed  by  sheep. 


Age. 


4  to  5  months  ... 

5  to  6  months  . . . 

6  to  C  months  . , . 
6  to  7  months  . . . 

6  to  8  months  . . . 

7  to  9  months  . . . 

8  to  9  months  . . . 

9  to  10  months  . . 

10  to  U  months  . 
9  to  12  months  . . 

11  to  12  months  . 
12 to  14  months. 

12  to  14  months  . 
14  to  15  months  . 
24  months 


Digestible  1 

^TolS^'l      Experi- 
poJffllve      ^«°ter. 

weight. 

Pounds. 

3.76 

Weiske. 

3.26 

Do. 

3.16 

Wolff. 

2.78  1  Weiske. 

2.96  1  Wolff. 

2. 76     Weiske. 

cl.87     Wolff. 

2. 38     Weiske. 

2. 30            Do. 

e  1. 38     Wolff. 

2. 16     Weiske. 

1.96  1         Do. 

1.61  1  Wolff. 

1.92     Weiske. 

1.22 

Do. 

Apparently  the  amount  of  protein  fed  in  the  above  experiments  was 
ample,  but  there  is  nothing  to  show  whether  smaller  amounts  would 
have  been  equally  sufficient  or  not,  the  inferior  growth  observed  by 
Wolff  in  two  cases  being  attributable,  in  part  at  least,  to  a  deficient 
amount  of  total  feed. 


«  Landwirtschaftliche  Jahrbticher,  bd.  2,  p.  221.  Compare^lso  Armsby,  Manual  of 
Cattle-Feeding,  pp.  448-451. 

ft  Landwirtschaftliche  Jahrbucher,  bd.  9,  p.  205. 

c  Believed  by  the  author  to  be  too  low,  owing  to  the  inferior  quality  of  the  hay 
fed  and  consequent  small  amount  eaten. 
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In  the  other  experiments  with  lambs  and  sheep  referred  to  on  pre- 
vious pages,  considerably  larger  amounts  of  protein  were  fed,  so  that 
no  indications  are  to  be  derived  from  them  as  to  the  lower  limit  of 
protein  supply.  The  writer  has  not  yet  been  able  to  compile  the  data 
of  American  experiments  bearing  on  this  point. 

Protein  requirements  of  swine. — The  experiments  by  Sanford  and 
Lusk  and  by  Wilson  on  sucking  pigs  afford  an  instructive  example  of 
the  capacity  of  young  animals  to  consume  and  utilize  protein.  On 
the  average  of  these  experiments  the  amounts  of  protein  consumed 
daily,  computed  per  1,000  pounds  live  weight,  and  the  amounts 
retained  in  the  body  were  as  follows : 

Protein  supply  and  protein  gain  of  pigs. 


Experimenter. 


I 
Avera^ 
a«e. 


Dayt. 

Sanford  and  Lusk I  7 

Wilson 8 


Protein 
digested 
per  1,000 


Protein 
Rtored  in 
body  per 
1,000 


weigni.    I    weight. 


Pounds. 
13.08 
14.71 


Pounds. 
5.86 
5.93 


Considerable  emphasis  has  been  laid  upon  the  necessity  of  a  liberal 
protein  supply  for  the  pig  in  view  of  his  rapid  growth.  A  large  num- 
ber of  experiments,  for  example,  are  cited  by  Wolff,  in  his  classic  com- 
pilation," showing  the  much  greater  feed  economy  incident  to  the  use 
of  rations  with  a  narrow  nutritive  ratio  for  young  pigs.  Altogether 
similar  results  were  reached  in  a  compilation  *•  of  American  pig-feeding 
experiments  prepared  by  the  writer  for  the  United  States  Department 
of  Agriculture. 

The  well-known  experiments  by  Sanborn,  Henry,  and  others  upon 
the  influence  of  extreme  rations  on  the  proportion  of  fat  and  lean  in 
the  carcass  are  too  familiar  to  need  repetition  here.  They  have  served 
to  call  attention  sharply  to  the  need  for  protein  in  the  feed  of  young 
pigs,  but  because  the  experimental  conditions  were  purposely  made 
extreme  it  seems  possible  that  they  have  given  rise  to  exaggerated 
notions  regarding  the  actual  amount  of  protein  required  and  the 
effect  of  practicable  variations  in  rations.  Some  of  the  more  recent 
experiments  of  this  class,  at  any  rate,  tend  to  throw  doubt  upon  the 
validity  of  the  very  high  protein  requirements  for  pigs  formulated  in 
the  Wolff-Lehmann  standards. 

Attention  may  be  called  particularly  to  some  comparatively  recent 
experiments  at  the  Wisconsin  and  Iowa  experiment  stations  upon  the 
influence  of  wide  and  narrow  nutritive  ratios  upon  the  character  of 
the  carcass.  Some  of  the  main  results  of  the  Wisconsin  experiments 
are  tabulated  below. 


«  Die  Emahrung  der  Landwirti^chaftlichen  Nutzthiere,  pp.  465-496. 
&  Unpublished  manuscript. 
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Influence  of  protein  supply  on  growth  of  pigs. 


Num- 
ber of 
ani- 
malB. 


of  ex-     „;f^»i  weight 


*^  *^    at  Be- 


Dlgest- 
Avex^  I    Ible 
a«e      protein 
reight  [per  day 


pe  Fl- 


at mid- 
dle of  I 
experl- 
ment. 


fieventeenth  Report,  pa^  12:; 

Lot  1 

Lot2 

Eigtiteenth  Report,  page  25:  I 

Lot  1 1 

Lot  2 1 

Eighteentli  Report,  page  44:  ] 

Lot  1 ' 

Lot2 

Nineteenth  Report,  page  17: 

Lotl 

Lot2 

Twenty-first  Report,  page 
25: 

Lotl 

Lot  2 

Twenty-first  Report,  page 
32: 

Lot  1 

Lot  2 


I  Days.     Days.  1    Lb*. 
8  126  65  I      65 

8  126  65  I      65 


Lbs. 

143.4 

139 


per 
1.000 

pounds 
Uve 

weight. 


ToUl 

nutri- 
ents per 
day  per 

1,000       Per 
pounds  head. 

live 
weight. 


Average  gain. 


Lb9.  Lbs.  I  Lbs. 
2.54  24.17  I  1.24 
5.07  I    23.11       1.17 


Per 

1,000 
pounds 

live 
weight. 


Lbs. 
8.670 
8.425 


5 
5 

84 
84 

184  i 

182 

133.2 
133.6 

173.6 
157.8 

2.72 
3.81  , 

25.12 
19.57 

.96 
.58 

5.55 
3.65 

5 
6 

210 
210  , 

118' 
116  , 

48.1 
47.1 

119.6 
106 

4.72' 
2.29 

19.67 
24.42 

.75 
.63 

6.27 
5.94 

6 

7  , 

1 

144  , 
144 

125  1 

,28  j 

68.4 

68.4 

128.7 
120.4 

5.40 
1.90, 

22.57 
22.70 

.837 
.540 

6.504 
4.485 

3  ' 

no 

110 

1 

52.3 
53.7 

74 

114 

2.97 
3.52 

31.70  1 
25.31  1 

1.097 

5.32 
9.62 

3 
3 

98' 
98 

240 
240 

225 
213 

2x7 

»i7 

3.  .55  j 
2.19 

19.81 
19.90 

1.262 
1.099 

4.40 
4.12 

The  data  of  the  block  tests  which  were  made  in  each  case  aflFord 
data  for  the  following  notes: 

Seventeenth  Report,  page  22.— The  carcasses  of  lot  1  (wide  ration)  showed  the  greater 
thickness  of  fat  in  back  and  shoulders  and  more  kidney  fat,  while  those  of  lot  2  showed 
greater  weight  of  blood  and  internal  organs. 

Eighteenth  Report,  page  25. — Lot  1  (wide  ration)  dressed  a  higher  percentage  than  lot 
2,  but  there  is  no  definite  indication  of  higher  percentage  of  adipose  tissue.  Photo- 
graphs seem  to  show  greater  development  of  loin  muscles  in  lot  2. 

Eighteenth  Report,  page  44- — Photographs  of  the  loin  cuts  seem  to  indicate  much 
greater  proportion  of  fat  to  lean  in  lot  2  (wide  ration),  but  computed  per  1,000  pounds 
live  weight  the  amounts  of  internal  organs  and  internal  fat  do  not  differ  widely. 

Nineteenth  Report,  page  17. — After  the  first  six  weeks  the  peas  (lot  1)  were  relished 
better  and  eaten  more  freely  than  the  com.  The  carcasses  of  lot  1  were  flabby  with 
thicker  outside  fat  and  somewhat  more  internal  fat. 

Twenty 'first  Report,  page  25. — The  pigs  of  lot  1  were  stunted,  and  on  slaughtering 
large  numbers  of  worms  were  found  in  the  intestines.  There  is  no  proof  of  difference  in 
relative  development  of  lean  meat  and  fat. 

The  experiments  reported  by  the  Iowa  station*  include  two  trials 
of  '*wide"  versus  **narrow''  rations.  In  both  cases  the  ''wide"  lot 
gained  somewhat  more  per  day  and  per  pound  of  dry  matter  in  the 
feed.  In  the  first  trial  the  ''wide"  lot  ate  somewhat  more  dry  matter 
than  the  other;  in  the  second  trial  this  particular  is  not  stated.  In 
neither  case  were  the  differences  very  marked.  It  seems  safe,  there- 
fore, to  compare  simply  the  computed  protein  supply  (digestible)  in 
the  two  cases,  using  the  figures  in  Farmers*  Bulletin  22  (revised)  as  the 
basis. 


«  Iowa  Exi)eriment  Station,  Bulletin  48,  pp.  373-451. 
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j  Second  experiment.   Third  experiment. 


Animals number. . 

Length  of  experiment days. , 

Average  age  at  banning do 

Average  weight  at  t>eginning pounds. . 

Average  weight  at  middle  or  experiment do ... . 

Digestible  protein  per  day: 

Per  head do 

Per  1,000  pounds  weight do 

Average  gain  per  day: 

Per  head do.... 

Per  1,000  pounds  weight do. . . . 


High 
protein. 

Low 
protein. 

High 
protein. 

5 
153 
54 

35.0 

130.8 

5 
153 
51 
38.0 
143.6 

5 
163 
52 

22.0 

96.8 

.737 
5.630 

.431 
3.0 

.667 
6.890 

1.26 
9.63 

1.38 
9.61 

.91 
9.40 

Low 
protein. 


.462 
4.520 


In  the  second  experiment  Swift  &  Co.  valued  the  cuts  as  follows: 
High-protein  lot,  $6.40;  low-protein  lot,  $7.13.  The  low-protein  lot 
showed  the  largest  percentage  of  dressed  weight  (79  as  against 
77.1),  but  was  regarded  as  too  fat,  especially  for  the  English  market. 

A  representative  animal  of  each  lot  was  analyzed  by  the  United 
States  Department  of  Agriculture,  the  head,  and  the  kidney  and  leaf 
lard  not  being  included. 

Calculated  on  dry  matter,  the  composition  of  the  carcasses  was  as 
follows: 

Composition  of  carcasses  of  hogs  fed  on  rations  with  high  and  low  protein  content. 


Constituents. 

High 
protein. 

Low 
protein. 

Fat 

Per  cent. 

81.38 

13.28 

2.97 

.16 

Per  cent. 
81.53 

Total  protein 

14.06 

2.51 

Lecithin -  -            -  -  . 

.27 

97.79 

98.36 

The  percentage  of  fat  in  the  dry  matter  of  the  more  important  cuts 
was  as  follows : 

Percentage  of  fat  in  the  dry  matter  of  different  cuts  of  hog  carcasses. 


Cut. 


Backs ! 

BelUes I 

Hams 1 

Shoulders 

SparerIbB , 

Tenderloins I 


High 

Low 

protein. 

protein. 

Per  cent. 

Per  cent. 

92.43 

92.41 

88. «) 

90.06 

72.54 

62.32 

96.24 

79.92 

58.59 

03.70 

34.11 

40.98 

Only  in  the  case  of  the  spareribs  and  tenderloins  does  the  low-pro- 
tein lot  show  any  excess  of  fat,  and  even  if  we  take  the  percentages 
calculated  upon  the  fresh  substance  we  add  to  this  list  only  the  hams. 
If  the  carcasses  analyzed  were  representative,  it  would  seem  that  the 
judgment  of  the  market  is  based  rather  upon  the  distribution  of  the 
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fat  in  the  carcass  than  upon  its  total  amount.  In  the  third  experi- 
ment the  low-protein  lot  again  dressed  the  highest  percentage,  but  no 
definite  statements  appear  as  to  the  quality  of  the  carcasses.  It 
should  be  noted  that  in  these  experiments,  as  contrasted  with  those  of 
the  Wisconsin  station,  a  considerable  variety  of  feeds  was  given  to 
each  lot. 

While  the  few  experiments  which  have  been  cited  are  an  entirely 
insufficient  basis  on  which  to  formulate  the  protein  requirements  of 
pigs,  it  is  evident  that  the  very  large  amounts  of  protein  consumed 
in  some  of  these  experiments  were  of  no  advantage  so  far  as  gain  in 
live  weight  was  concerned,  and  of  questionable  effect  upon  the 
make-up  of  the  carcass.  Making  liberal  allowance  for  the  approxi- 
mate nature  of  the  data,  it  would  seem  that  the  following  amounts  of 
digestible  protein  per  day  per  1,000  pounds  live  weight  were  fairly 
sufficient  for  growing  pigs : 

Pounds. 

2  raontha  old 3. 00 

4  months  old 2. 75 

6  months  old 2.  50 

8  months  old 2.  25 

Further  investigations  and  a  systematic  compilation  of  existing 
data  are,  however,  greatly  to  be  desired. 

TOTAL  FEED. 

The  same  general  principles  which  have  been  discussed  in  consider- 
ing the  total  feed  requirements  of  mature  or  nearly  mature  fattening 
animals  may  be  safely  assumed  to  apply  also  to  younger  animals,  but 
their  application  is  essentially  modified  by  the  fact  that  we  can  not 
greatly  stimulate  the  growth  of  young  animals  by  heavy  feeding. 

^^  Stockers.'^ — As  already  noted,  a  large  share  of  our  meat  supply  is 
derived  from  animals  reared  until  nearly  mature  and  marketed  as 
"stockers"  to  be  finished  by  other  parties,  or,  if  older  and  of  inferior 
quality,  to  swell  the  supply  of  canned  moats  and  the  like.  Animals 
of  this  class  are  largely  produced  on  cheap  feed,  grown  on  relatively 
cheap  or  rough  land,  generally  under  pasturage  or  range  conditions. 
So  long  as  large  areas  of  cheap  grazing  land  are  available,  as  in  the 
West  and  Southwest  of  the  United  States,  it  will  be  cheaper  to  ship 
the  nearly  mature  animals  destined  for  fattening  to  the  feed  than  to 
ship  the  feed  to  the  animals  or  to  raise  it  in  the  locality,  particularly 
at  points  distant  from  the  great  centers  of  consumption. 

Under  these  conditions  there  is  little  call  for  anything  in  the  nature 
of  a  feeding  standard.  The  young  animal  runs  with  the  dam  until 
naturally  weaned.  The  ordinary  pasture  or  range  plants  are  likely 
to  be  fairly  rich  in  protein,  and  if  the  total  supply  is  sufficient  a  nor- 
mal rate  of  growth  is  assured.     Whether  the  supply  of  feed  shall  be 
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derived  entirely  from  the  natural  growth,  or  whether  this  shall  be 
supplemented  by  the  growth  of  forage  for  winter  feeding,  is  an  economic 
question,  to  be  decided  according  to  local  conditions. 

Fat  animals, — ^The  production  of  ''stockers"  is  not,  of  course,  neces- 
sarily confined  to  the  range;  but  at  the  same  time,  whenever  any 
considerable  expenditure  is  necessary  for  shelter  and  the  growth  of 
feeding  crops,  it  becomes  important  to  consider  whether  it  may  not 
be  more  profitable  to  finish  the  animals  and  market  them  in  condition 
for  the  butcher.  As  has  been  shown,  the  rate  of  growth  is  largely  a 
function  of  the  individuality  of  the  animal,  and  so  far  as  the  produc- 
tion of  actual  meat  is  concerned  w^e  are  obliged  to  wait  on  the  pro- 
cesses of  nature.  An  attempt  to  force  the  animal  prematurely  by 
heavy  feeding  can  result  only  in  an  overproduction  of  fat  before  the 
animal  is  of  sufficient  size  to  market,  or  before  it  has  developed  suffi- 
cient lean  meat  to  yield  a  high-grade  carcass.  Fattening  is  relatively 
a  more  rapid  process  than  growth  in  the  sense  that  a  sufficient  amount 
of  it  to  insure  a  high  market  quality  of  the  meat  may  be  accom- 
plished in  a  much  shorter  time  than  is  required  for  the  growth  of  that 
meat. 

The  practical  conclusion  from  these  well-established  facts  is  suffi- 
ciently obvious. 

With  any  given  type  of  animal,  the  age  at  which  it  will  reach  mar- 
ketable form  and  size  is  fixed  by  the  individuality  of  the  animal,  and 
so  far  as  appears  can  be  but  slightly,  if  at  all,  hastened  by  the  feeding. 
The  earlier  this  point  is  reached  the  less,  other  things  being  equal, 
will  be  the  feed  cost  of  producing  the  animal;  and  on  the  other  hand, 
the  longer  the  animal  is  kept  after  that  point  is  reached  the  less  will 
be  the  profit  to  the  owner. 

In  order  that  the  animal  shall  be  marketable  for  slaughter  at  that 
age,  however,  it  must  not  only  have  produced  the  due  amount  of 
meat,  but  that  meat  must  have  the  quality  which  is  imparted  by  the 
fattening  process.  With  this  in  view,  we  shall  naturally  aim  to  begin 
the  feeding  of  fattening  rations  at  such  a  point  of  time  that  when  the 
actual  growth  of  meat  becomes  so  slow  as  to  be  no  longer  profitable 
the  fattening  process  will  also  be  completed.  Too  early  a  com- 
mencement of  the  fattening  process  will  lead  to  waste  in  several  ways. 
If  the  animals  are  pushed  they  become  ripe  before  the  possibilities  of 
profitable  growth  are  exhausted,  and  must  either  be  marketed  or  else 
held  at  considerable  expense  until  the  growth  can  overtake  the  fatten- 
ing. Moreover,  it  seems  not  improbable  that  too  early  fattening 
may  actually  be  prejudicial  to  the  production  of  lean  meat,  offering 
actual  mechanical  hindrances  to  its  growth.  If  in  the  effort  to  avoid 
these  drawbacks  light  feeding  is  resorted  to,  the  period  of  time  during 
which  special  care  must  be  given  to  the  feeding  is  unnecessarily 
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prolonged.  Beginning  fattening  too  late  unnecessarily  extends  the 
period  during  which  the  animal  must  be  maintained  and  cared  for 
without  any  compensating  advantage,  since  the  same  gain  of  fat 
could  have  been  secured  earlier  at  no  greater  expense.  Just  when 
the  fattening  should  begin  will  obviously  depend  upon  the  kind  and 
individuahty  of  the  animal  and  upon  the  degree  of  fattening  which 
the  demands  of  the  market  and  the  cost  of  feed  render  desirable. 
The  more  rapid  the  rate  of  growth  of  the  animal  and  the  earlier  it 
may  be  expected  to  reach  maturity,  the  further  back  toward  birth  is 
the  beginning  of  the  fattening  pushed,  so  that  with  small,  quick- 
growing  animals,  like  pigs,  feeding  and  fattening  may  become  almost 
synonymous. 

It  is  not  the  present  purpose  of  the  writer  to  attempt  to  formulate 
numerically  the  total  feed  requirements  of  growing  animals.  Indeed 
he  is  inclined  to  question  whether  such  standards,  however  accurate 
they  may  be  made  and  however  great  their  statistical  value,  can 
ever  play  any  large  part  in  practical  feeding  operations.  Given  a 
knowledge  of  the  protein  requirements,  and  of  the  means  by  which 
they  may  be  satisfied,  it  may  be  questioned  whether  the  observation 
of  the  skilled  feeder,  supplemented  by  occasional  weighings,  will  not 
afford   more   satisfactory  results   than   attempted  adherence   to  a 

standard  ration. 

HANAGBMENT. 

While  the  practical  methods  of  management  in  stock  feeding  are 
outside  the  scope  of  a  paper  on  feeding,  nevertheless  they  have  an 
important  bearing  upon  the  actual  results  obtained,  and  some  discus- 
sion of  the  general  principles  involved  may  properly  find  a  place  here. 

MUSCULAR   EXERTION. 

The  well-knowTi  fact  that  muscular  exertion  is  accomplished  at 
the  expense  of  the  metabolism  of  tissue,  and  ultimately,  therefore, 
at  the  expense  of  the  feed,  would  seem  at  first  thought  to  indicate 
that  the  activity  of  the  meat-producing  animal  should  be  restricted 
as  much  as  practicable.  In  the  case  of  the  growing  animal,  however, 
another  very  important  element  enters  into  the  case,  namely,  the 
fact  that  moderate  exercise  tends  to  stimulate  the  growth  of  the 
muscular  system,  or,  in  other  words,  the  production  of  lean  meat. 
Since  this  is  the  essential  object  sought,  a  normal  and  reasonable 
amount  of  muscular  activity  on  the  part  of  the  growing  animal  should 
be  allowed  and  encouraged,  even  though  the  muscular  exercise 
involves  the  consumption  of  more  feed.  Accordingly,  young  stock 
should  be  given  the  freedom  of  the  pasture  or  range  to  as  great  an 
extent  as  practicable,  while  at  the  same  time  care  should  be  taken  to 
supply  abundant  feed  containing  a  sufficient  supply  of  protein,  in 
order  that  sufficient  material  may  be  present  to  supply  the  demand 
for  growth  stimulated  by  the  exercise. 
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In  the  case  of  breeding  stock  especially;  a  most  important  consider- 
ation is  that  of  the  health  and  stamina  of  the  animal,  which  can  hardly 
fail  to  suffer  through  overconfinement.  The  above  principles  apply 
in  a  general  way  to  all  classes  of  stock.  In  particular,  hogs  should 
be  given  an  opportunity  for  more  movement  and  exercise  than  is 
frequently  allowed. 

In  the  case  of  animals  which  have  reached  the  fattening  stage,  on 
the  other  hand,  there  is  comparatively  little  growth  of  protein  tissue, 
while  we  only  need  to  maintain  sufficient  health  to  insure  a  normal 
appetite  and  assimilation  of  food.  In  proportion,  then,  as  this  stage 
is  reached  we  should  endeavor  to  reduce  the  amount  of  exercise  taken 
and  to  keep  the  fattening  animal  as  quiet  as  possible.  To  this  end 
comfortable  quarters  should  be  provided,  with  plentiful  bedding,  and 
the  animals  should  be  kept  as  undisturbed  as  possible,  so  that  they 
may  ''eat  and  lie  down."  Results  of  experiments  at  the  Pennsyl- 
vania station  have  shown  an  increase  of  30  to  40  per  cent  in  the 
metabolism  of  the  same  steer  standing  as  compared  with  lying  down. 
This  is  particularly  important  in  the  case  of  the  sheep  on  account  of 
its  timid  nature.  For  similar  reasons  it  is  desirable  to  have  the  water 
supply  of  fattening  animals  close  at  hand. 

WATER   SUPPLY. 

It  should  never  be  forgotten  that  rapid  production,  involving  the 
utilization  of  relatively  large  amounts  of  feed,  requires  the  consump- 
tion of  a  corresponding  amount  of  water  for  the  physiological  pur- 
poses of  the  animal.  For  this  reason,  as  well  as  for  the  one  men- 
tioned above,  it  is  desirable  that  stock  should  have  ready  access  to 
water,  if  possible,  at  all  times.  Furthermore,  the  water  suppUed 
should  not  be  too  cold  to  be  consumed  freely  by  the  animals. 

SHELTER. 

From  the  physiological  point  of  view,  considerable  emphasis  has 
been  laid  in  the  past  upon  the  economic  importance  of  providing 
fairly  warm  quarters  for  live  stock  in  order  to  avoid  a  wasteful  oxida- 
tion of  the  food  for  simple  heat  production.  At  the  same  time,  how- 
ever, vast  numbers  of  cattle  were  being  successfully  fattened  in  sheds 
and  open  feed  lots,  and  more  recently  the  results  both  of  physiological 
investigation  and  of  practical  experiments  have  led  to  considerable 
modification  of  the  views  formerly  held.  In  the  aggregate  a  con- 
siderable amount  of  experimental  work  is  on  record,  of  which  the  fol- 
lowing is  a  condensed  summary: 

EXPERIMENTAL   RESULTS. 

Cattle. — Patrick  and  Smith,"  as  part  of  an  experiment  on  the  winter 
fattening  of  steers,  compared  two  3-year-old  steers  fed  in  a  yard  pro- 

« Iowa  Experiment  Station,  Bulletin  6,  p.  205. 
56416— Bull.  108—08 6 
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vided  with  an  open  shed  with  two  others  fed  in  the  bam.  Both  pairs 
gave  similar  gains  in  a  first  period  of  twenty-four  days  on  approxi- 
mately like  rations  of  com-and-cob  meal  and  com  fodder  in  the  bam. 
Steers  Nos.  5  and  7  were  then  transferred  to  the  yard  and  the  feed 
was  changed  to  shelled  com  and  com  fodder,  which  was  continued  for 
thirty-seven  days,  results  for  the  last  thirty-one  days  (February  1- 
March  3)  being  reported.  The  dry  matter  eaten  per  pound  of  gain  in 
live  weight  by  the  two  lots  and  also  by  a  comparison  lot  in  the  bam  on 
unchanged  feed  was  as  follows: 

Comparison  of  results  of  steer  feeding  with  and  irithout  shelter. 


Perlwl  I.  Period  II. 


Steers.  I  Dry  matter'  Dry  matter 

I  Feed.  I  per  pound  Feed.  per  pound 

'    of  gulu.  of  gain. 


.    Pounds.  Pounds. 

Nos.  4  and  S  (com-     Com-and-cob     meal     and  6.86  ,  Com-and-cob     meal     and  15.72 


parison  lot).  com  fodder,  in  bam.  !  '      com  fodder,  In  bam. 

■    ~  ' "  •-  7. 44  '  Shelled  com  and  com  fod-  11.84 

I      der.  In  bam.  , 

6. 82     Shelled  com  and  com  fod-  I  13. 61 

I      der,  in  yard. 


Nos.  6  and  9 do 

Nos.  Sand  7 do 


The  lot  fed  in  the  yard  ate  much  more  corn  and  less  fodder  than  the 
comparison  lot  in  the  barn.  On  their  face  the  results  appear  to  favor 
the  indoor  feeding,  but  the  differences  are  not  large,  and  in  view  of  the 
small  number  of  animals  and  of  the  short  period  following  a  change 
of  feed  their  value  may  be  questioned.  The  winter  is  said  to  have 
been  an  unusually  mild  one.  The  authors  note  (loc.  cit.,  p.  237)  that 
sudden  changes  of  temperature  affected  the  gains  unfavorably  both  in 
the  shed  and  in  the  barn. 

Gulley"  obtained  much  inferior  results  with  six  Texas  range  steers 
fed  in  an  open  lot  as  compared  with  six  others  dehorned  and  fed  in  an 
open  shed,  but  it  is  not  clear  how  far  the  greater  quietness  caused  by 
dehorning  affected  the  results. 

Georgeson^  fed  two  lots  of  five  three-year-old  grade  Shorthorn 
steers  on  ear  corn,  corn  stover,  and  prairie  hay  for  six  months,  one  lot 
being  tied  in  the  barn  and  the  other  loose  in  a  yard  provided  with  an 
open  shed.  The  difference  in  mean  weekly  temperature  between 
barn  and  shed  ranged  from  2.7°  F.  in  May  to  35.5°  in  January,  but 
was  not  less  than  11.3°  during  the  winter  months.  The  lot  in  the 
yard  ate  more  grain  and  hay  than  the  one  in  the  barn.  The  weather 
is  stated  to  have  been  generally  dry  and  clear  and  favorable  to  out- 
door feeding.  The  lowest  weekly  mean  reported  is  6.1°  F.  in  Janu- 
ary.    The  feed  consumption  per  pound  of  gain  was  as  follows: 

«  Texas  Experiment  Station,  Bulletin  6. 
b  Kansas  Experiment  Station,  Bulletin  34. 
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Consumption  of  feed  per  pound  of  gain  by  steers  confined  in  bam  and  loose  in  yard. 


Place. 


="-™-|  ^Z.  I  ^C'^ 


Pounds.    I    Pounds.       Pounds. 

In  barn |  14.17  2.93  1.79 

Inyard 16.67  2.90  2.15 

Sanborn  ^  fed  two  lots  of  steers,  one  in  the  bam  and  one  in  the  open 
air,  from  December  27  to  April  20,  reversing  the  lots  on  Februan^  12. 
The  grain  ration  was  the  same  in  each  case,  but  the  cattle  out  of  doors 
ate  their  coarse  fodder  more  completely. 

Results  of  steer  feeding  in  bam  and  in  open  air  at  the  Missouri  Experiment  Station. 


Place. 

Feed  consumed. 

Gain. 

Grain. 

Coarse  fod- 
der and 
silage. 

In  bam 

Pounds. 
2.736 
2,736 

Pounds. 
4,202 
6,209 

Pounds. 
381 

In  open  air 

374 

The  average  temperature  during  February  was  48°  F.  in  the  bam 
and  26°  F.  in  the  open  air,  the  weather  being  dry. 

Sanborn  ^  in  1890-91  found  that  three  steers  fed  in  a  yard  pro- 
tected from  winds,  but  with  no  shed,  ate  more  coarse  feed  and  made 
greater  gains,  both  absolutely  and  per  unit  of  feed,  than  three  com- 
parison lots  fed  in  the  bam.  The  data  cover  the  time  from  January 
15  to  April  1,  and  the  weather  is  stated  to  have  been  dry  and  quiet 
with  moderate  temperature,  the  lowest  being  12°  F.  and  the  average 
23.4°  F.  It  is  thought  that  the  greater  opportunity  for  exercise  in 
the  yard  accounted  in  part  for  the  greater  feed  consumption  and 
consequent  greater  gain.  In  the  following  year*'  the  exposed  lot 
on  limited  feed  gained  as  much  as  the  lot  tied  in  the  bam,  but  less 
than  one  in  a  box  stall.  When  fed  ad  libitum,  however,  the  exposed 
lot  made  a  notably  greater  gain  than  either  lot  in  the  bam  with  no 
greater  relative  consumption  of  feed.  The  winter  was  ''an  average 
one  in  temperature  with  unusual  snowfall  and  frequent  spring  rains. ' ' 
In  the  next  year^  a  lot  in  an  open  yard  and  one  in  an  open  shed 
each  ate  more  feed  than  one  in  a  box  stall  in  the  bam  when  both 
were  fed  all  they  would  eat.  The  total  gains  and  the  gains  per  unit 
of  feed  were  greater  in  the  box  stall  and  least  in  the  shed.  If,  how- 
ever, the  gains  for  the  preliminary  period  be  included,  but  little 
difference  appears  in  the  gain  per  unit  of  feed.  The  winter  was  an 
average  one.  The  average  temperature  of  the  bam  was  43.1°  F. 
and  that  of  the  yard  and  shed  28.1°  F. 

o  Synopsis  of  experiment  at  the  Missouri  Experiment  Station,  p.  1. 

f>  Utah  Experiment  Station,  Bulletin  11. 

e  Utah  Experiment  Station,  Report  for  1892,  pp.  21-25. 

dUtah  Experiment  Station,  Bulletin  23. 
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Thome  and  Hickman*  fed  two  3-year-old  steers  in  the  bam  and 
a  similar  lot  in  an  open  shed  in  1894  and  1895.  The  average  results 
for  the  two  lots  are  reported  as  follows: 

Results  of  steer  feeding  in  bam  and  %n  open  shed  at  the  Ohio  Experiment  Station. 


Plfloe. 

Pounds. 
1.99 

Dry  mat- 
ter of  feed 
per  pound 
of  gain. 

In  barn 

Pounds. 
ia20 

In  shed 

i.« 

10.53 

Shaw  ^  fed  seven  steers,  past  2  years  old,  tied  in  the  bam,  as  compared 
with  the  same  number  in  an  inclosed  shed  open  on  a  yard ,  for  one  hundred 
and  forty  days,  with  the  following  average  results  per  day  and  head: 

Results  of  steer  feeding  in  bam  and  in  shed  at  the  Minnesota  Experiment  Station. 


Feed  consumed. 

Gain. 

Total 
feed  per 

pound 
of  gain. 

Place. 

Hay.        Grain. 

In  bam 

Pounds. 
11.31 
ia74 

Pounds. 
13.36 
1&21 

Pounds. 
1.74 
2.26 

Pounds. 

14.18 

In  shed 

11.92 

Waters  <^  reports  four  similar  trials  with  fattening  steers,  each 
covering  over  one  hundred  days  with  four  or  five  steers  in  each  lot. 
One  lot  in  each  case  was  fed  in  a  moderately  tight  bam  but  turned  out 
for  eight  hours  on  pleasant  days,  one  lot  was  fed  in  an  open  shed,  and  a 
third  lot  in  an  open  lot.     The  daily  results  per  head  were  as  follows: 

Average  daily  results  of  feeding  steers  rcith  different  degrees  of  protection  at  the  Missouri 

Experiment  Station. 


Year  and  place. 


In  bam. 
In  shed . 


1S97-98. 


In  bam 

In  shed 

In  open  lot. 


1898-99. 


In  bam 

In  shed 

In  open  lot. 


1899-1900. 


In  bam 

In  shed 

In  open  lot. 


1900-1901. 


Feed  consumed. 


1&93 
1&25 
14.39 


5l20  I        19.96  1.83  13.75 

6.29  21.76  1.97  \  14.24 

&81  I        24.26  2.09  1&82 


Waters  also  reports  that,  in  response  to  a  letter  of  inquiry,  out  of 
663  feeders  of  beef  cattle  in  Missouri,  Illinois,  Iowa,  and  Nebraska, 

o  Ohio  Experiment  Station,  Bulletin  60,  p.  24. 

ft  Minnesota  Experiment  Station,  Bulletin  76,  p.  250. 

c  Monthly  Bulletin,  Missouri  Board  of  Agriculture,  September,  1901,  p.  23. 
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546,  or  over  83  per  cent,  preferred  to  feed  in  an  open  shed  or  lot 
rather  than  m  the  bam,  and  that  the  ''barn"  described  by  many 
of  the  remaining  117  was  little  more  than  a  large  open  shed. 

Waters  calls  attention  to  the  fact  that  the  above  results  were  all 
upon  cattle  on  full  feed  and  that  they  do  not  apply  to  young  thin 
animals  or  breeding  cattle,  and  states  that  four  years'  experiments 
on  yearlings  have  given  decisive  results  in  favor  of  bam  feeding. 

Mairs**  compared  feeding  in  a  warm  bam  with  that  in  an  open 
shed  for  four  consecutive  winters  with  lots  of  12  steers  each,  the 
feeding  covering  from  eighty-four  to  one  hundred  and  twenty-six 
days.  The  total  feed  (grain  and  coarse  fodder)  consumed  per  pound 
of  gain  in  the  four  experiments  was: 

Total  feed  consumed  per  pound  of  gain  hy  steers  at  the  Pennsylvania  Experiment  Station, 


Year. 


,  In  bam.    In  shed. 


1002-3. 
IWKM. 
ig04-5. 
I90&-6. 


i  Pound*. 

I  13.40 
13. 81 
18.67 
ia07 


Pounds. 
14.60 
15l32 
1&42 
15l80 


These  experiments  differ  from  some  of  those  noted  above  in  the 
fact  that  the  grain  ration  eaten  by  the  two  lots  was  nearly  the  same 
and  that  slightly  less  coarse  fodder  was  eaten  in  the  shed  than  in  the 
barn.  It  was  practically  a  test  of  equal  rations  under  the  two  condi- 
tions. Mairs  was  unable  to  trace  any  connection  between  the  tempera- 
ture record  and  the  rate  of  gain,  and  is  inclined  to  ascribe  the  poorer 
results  in  the  shed  for  the  first  two  years  to  uncomfortable  quarters. 

While  the  foregoing  results  are  more  or  less  divergent,  it  is  worthy 
of  note  that  the  experiments  covering  a  full  fattening  period,  with 
one  exception  (Georgeson),  show  fully  as  good  results  for  the  exposed 
as  for  the  bam-fed  animals.  It  seems  clear  at  least  that  the  value 
of  shelter  for  fattening  cattle  has  been  exaggerated. 

Sheep, — Sanborn*  fed  one  lot  of  long-wooled  sheep  in  the  bam 
and  a  comparison  lot  in  the  open  air  from  December  4  to  May  10, 
with  the  following  results: 

Results  in  sheep  feeding  in  bam  and  in  open  air  at  the  Utah  Experiment  Station. 


Items. 


In  bam.    ^^JJ*" 


Preliminary,  tourteen  days: 

Gain 

Feed  eaten 

Feed  per  pound  of  gain 

First  period,  thirty-five  days: 

Gain , 

Feed  eaten 

Feed  per  pound  of  gain 

Second  period,  one  hundred  and  five  days: 

Gain  lor  first  sixty-two  days 

Total  gain 


Pourids. 
18 
143 
7.94 

12 
265 
22.08 

45 


PoundB. 
19 
168 
8.84 

19 
278 
14.63 

36 
0 


a  Pennsylvania  Experiment  Station,  Bulletins  64,  C 
t>  Utah  Experiment  Station.  Report  ior  1892,  p.  25. 
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During  the  last  month  both  lots  lost  weight,  but  the  feed  con- 
sumption is  given  for  the  whole  period  only.  This  loss  is  ascribed 
to  the  moister  storms  of  the  late  winter  and  early  spring. 

The  same  author  reports  briefly  **  the  results  of  a  second  compari- 
son with  lambs,  covering  four  weeks,  in  which  the  greater  gain  was 
made  by  the  lot  in  the  bam  at  an  average  temperature  of  43°  F., 
compared  with  a  lot  in  an  open  shed  at  28°  F.  The  author  believes 
that  wet  weather  affects  sheep  more  injuriously  than  cattle  on  account 
of  the  long  time  required  for  the  wool  to  dry. 

In  an  experiment  on  fattening  lambs  Shaw**  fed  similar  rations  to 
three  lots  of  eight  6-months-old  lambs  each,  one  in  an  open  yard, 
one  in  a  shed  open  to  a  yard,  and  one  in  the  bam.  The  following 
results  are  reported  per  day  and  head : 

Experiments  in  sheep  feeding  at  the  Minnesota  ETperiment  Station. 


Lot. 


Total 

feed 

eaten. 


I  Pounds. 

Lot  1 ,  yard '         2. 96 

Lot  2,  shed I         3. 18 

Lot  3,  bam 3. 09 


'  Feed  per  Cost  per 
Gain.        pound    '    pound 
of  gain,     of  gain. 


Pounds. 

Pounds. 

Cents. 

0.280 

10.58 

5.36 

.321 

9  96  ' 

4.71 

.284 

10.87 

5.41 

F.  B.  Mumford  ^  fed  two  lots  of  10  lambs  each,  averaging  about 
85  pounds  live  weight,  one  being  confined  in  a  well-ventilated  (and 
apparently  cold)  bam,  while  the  other  was  fed  in  similar  quarters 
but  with  the  mn  of  an  open  yard,  where  they  were  frequently  exposed 
to  rain  and  snow.     The  results  for  thirteen  weeks  were: 

Experiments  in  sheep  feeding  at  the  Michigan  Experiment  Station. 


^  , 

Total  feed  eaten. 

Gain. 

Dry  mat- 
ter per 
pound 
of  gain. 

Lot. 

Grain. 

Hay. 

Dry  mat- 
ter. 

Lot  1,  outdoor 

Pounds. 

1,196 
1,164 

Pounds. 
1,0H7 

Pounds. 

1.978 

Pounds. 
205 
230 

Pound*. 
9.65 

Lot  2,  indoor 

1,173  1       2.018 

8.77 

Middleton^  compared  feeding  sheep  in  an  open  shed  and  out  of 
doors  on  similar  rations.  The  average  daily  gain  per  head  was:  In 
the  shed,  0.168  pound;  out  of  doors,  0.189  pound. 

On  the  whole  such  scanty  data  as  are  available  seem  to  indicate 
that  sheep  do  not  stand  exposure,  especially  to  rain  and  snow,  as 
well  as  cattle,  and  that  shelter  from  storms  is  a  not  unimportant 
factor  in  mutton  production. 

Sivine. — But  few  experiments  with  swine  bearing  on  the  subject 
under  discussion  are  on  record. 


a  Utah  Experiment  Station,  Bulletin  23,  p.  7. 

'>  Minnesota  Experiment  Station,  Bulletin  44.  p.  280. 

c  Michigan  Experiment  Station,  Bulletin  128. 

6  Experiment  Station  Record,  vol.  15,  p.  897. 
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Shelton"  fed  five  yearling  swine  in  a  warm  barn  in  comparison 
with  five  similar  animals  in  an  open  yard  without  shelter,  the  feed 
being  shelled  com  in  both  cases.  The  results  for  the  ten  weeks  of 
the  experiment  were: 

Results  of  pig  feeding  J  with  and  without  shelter. 


Items. 


Averaffe  temperature <*  F. 

Total  feed pounds. 

Total  gain do. . . 

Feed  per  pound  of  gain do. . . 


Sheltered.     Exposed. 


29.9 

2,878 
604 
4.76 


15.8 
2.844 

6  489 
6  5.82 


Two  of  the  animals  in  the  exposed  lot  made  practically  the  same 
gain  as  the  average  of  the  sheltered  lot,  although  one  of  the  two 
also  ate  decidedly  more  feed.  The  following  comparison  of  the 
periods  of  highest  and  lowest  temperatures  is  also  of  interest: 

Comparison  of  the  effects  of  high  and  low  temperature  during  hog-feeding  experiments. 


Items. 


Average  temperature ^  F. 

Total  feed pounds. 

Total  gain do. . . 

Feed  per  pound  of  gain do. . . 


Lowest  temperature. 
Sheltered.     Exposed. 


2.5 

997 

88 

11.43 


Compared  in  this  way,  the  effect  of  the  shelter  during  the  severe 
weather  is  very  marked.  The  gain  of  the  exposed  animals  during 
these  weeks  were  very  irregular  and  frequently  negative. 

Sanborn  ^  fed  two  lots  of  shoats,  one  in  an  open  shed  and  one 
in  the  basement  of  a  warm  barrr,  reversing  the  lots  at  the  end  of 
forty-two  days  and  continuing  the  experiment  for  seventy  days 
more.     The  totals  per  head  for  the  entire  experiment  were : 

Results  of  pig  feeding  in  bam  and  in  open  shed  at  the  Missouri  Experiment  Station. 


Place. 

Feed. 

Craln. 

Com  meal.  Skim  milk. 

In  bam 

Pounds. 
463.5 
463.5 

Pounds. 
18 
18 

Pounds. 
S3. 9 

Inshed 

74.8 

The  same  author  *  obtained  the  following  results  in  a  later  experi- 
ment of  the  same  sort,  covering  one  hundred  and  thirty-six  days 
from  December  9. 


«  Kansas  State  Agricultural  College,  Report  of  Professor  of  Agriculture,  1883,  p.  1. 

6  Figures  differ  from  those  reported  by  the  author. 

c  Figures  differ  from  those  computed  by  the  author. 

<i  Synopsis  of  experiments  at  the  Missouri  Experiment  Station,  p.  4. 

<Utah  Experiment  Station,  Bulletin  23,  p.  4. 
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Results  of  pig  feeding  at  Utah  Experiment  Station. 


Place. 


^"    I    Total    r^^S"" 

*^  train  pound 

Bumed.        ^^*     ■  of  gain. 


Pounds.  I  Pounds.    Pound*. 

Inbam 1,432!  237  j  6.04 

Insbed t       1,708  1  254  ft.70 

I I I 

Friis*  notes  that  the  alleged  effect  of  maize  and  of  sunflower  cake 
in  producing  soft  pork  is  more  marked  in  cold  weather. 

GENERAL  PRINCIPLES    REOARDINO   SHELTER. 

The  foregoing  results,  while  indicating  that  the  requirements  of 
meat-producing  animals  for  shelter  may  have  been  overestimated, 
nevertheless  render  it  clear  that  the  question  is  one  of  adaptation 
to  conditions  and  that  no  invariable  rule  can  be  laid  down.  It  may 
be  profitable,  therefore,  to  turn  to  a  consideration  of  the  scientific 
principles  involved. 

Temperature. — As  the  writer  *  has  pointed  out  in  discussing  the 
energy  relations  of  the  feed  and  the  animal,  there  is  a  certain  approxi- 
mate temperature,  called  the  critical  temperature,  at  which  the  mini- 
mum outflow  of  heat  just  balances  the  necessary  heat  production  as  a 
result  of  the  internal  work,  and  below  which  more  or  less  oxidation 
of  tissue  is  required  to  maintain  the  normal  temperature  of  the 
body.  Furthermore,  it  has  been  shown  that  the  digestion  and 
assimilation  of  the  feed  and  its  conversion  into  tissue  result  in  the 
evolution  of  relatively  large  amounts  of  heat,  especially  in  the 
ruminants,  and  that  the  effect  of  this  internal  production  of  heat 
is  virtually  to  lower  the  critical  temperature  as  compared  with  that 
of  the  fasting  animal.  In  other*  words,  there  is  for  each  animal 
and  for  each  ration  a  certain  temperature  above  which  the  heat 
produced  becomes  in  part  an  excretum,  to  be  gotten  rid  of  by  radi- 
ation and  evaporation. 

It  appears  likely  that  a  certain  excess  of  heat  production  over 
that  absolutely  required  to  maintain  the  body  temperature  is  advan- 
tageous, both  as  promoting  the  comfort  of  the  animal  and  especially 
as  affording  a  margin  in  case  of  temporary  fluctuations  of  tempera- 
ture. On  the  other  hand,  both  our  own  personal  sensations  and 
the  observations  of  practical  stock  feeders  show  that  an  unnecessa- 
rily high  temperature  is  debilitating,  affecting  both  appetite  and 
general  health.  In  practice,  then,  we  should  endeavor  to  keep  the 
thermal  surroundings  of  the  animal  within  the  range  above  indi- 
cated— somewhat  above  the  critical  point  but  not  so  much  so  as  to 
affect   appetite   and   thrift.     It   is  evident   that  the  limits  of  this 

o  Experiment  Station  Record,  vol.  11,  p.  70. 

ft  Principles  of  Animal  Nutrition,  pp.  353-359  and  432-438. 
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range  may  vary  widely  with  the  kind  of  animal  and  with  the  char- 
acter of  the  ration. 

Amount  and  character  of  ration. — The  influence  of  this  factor  upon 
the  requirements  for  shelter  is  clearly  indicated  by  what  has  already 
been  said.  The  heavier  the  ration,  other  things  being  equal,  the 
more  heat  will  be  evolved  during  its  digestion  and  conversion  into 
tissue,  while  with  equal  amounts  of  feed  those  materials  which 
require  the  greatest  expenditure  of  energy  for  digestion  and  assim- 
ilation will  be  the  most  abundant  source  of  heat.  Since,  however, 
these  are  in  general  the  bulky  coarse  fodders,  the  amount  of  them 
which  can  be  consumed  is  limited  and  the  heavier  grain  rations  are 
practically  those  which  supply  the  animal  with  the  greatest  surplus 
of  heat.  Mature  animals  on  full  feed  thus  have  at  their  disposal  a 
large  amount  of  surplus  heat  and  naturally  can  thrive  under  con- 
ditions of  exposure  which  might  be  seriously  detrimental  to  young, 
growing  animals  on  relatively  light  rations.  Thus  one  of  Kellner's 
experiments  (Ox  E,  Period  III)  gave  the  following  results: 

Fuel  value  of  ration calories. .  26, 660 

Energy  stored  as  gain do 5, 920 

Energy  evolved  as  heat do 20, 740 

Computed  maintenance  requirement do 15, 060 

Excess  of  heat do 5, 680 

Excess  over  maintenance per  cent. .      37. 7 

Age  and' weight  of  animals. — The  internal  work  of  like  animals  of 
different  sizes,  under  like  conditions,  appears  to  be  approximately 
proportional  to  their  body  surface,  and  there  is  even  good  ground 
for  beheving  that  this  law  applies  to  a  large  extent  to  animals  of 
even  the  most  diverse  species  and  size.  Since  the  action  of  external 
temperature  is  also  approximately  proportional  to  the  surface,  we 
should  expect  that  the  size  of  the  animal  would  not  be  an  important 
factor.  In  fact,  however,  the  other  conditions  are  rarely  alike. 
The  young  animal  in  particular  is  likely  to  be  getting  a  relatively 
lighter  ration  than  the  animal  which  is  being  pushed  for  the  butcher, 
and  thus  to  have  less  surplus  heat  at  its  disposal.  Furthermore, 
while  there  appear  to  be  no  measurements  on  record  of  the  relative 
surfaces  of  young  and  of  mature  animals,  common  observation  would 
seem  to  indicate  that  it  is  relatively  greater  in  the  young  animal. 
Finally,  the  indefinable  factor  of  *' hardiness^'  would  seem  to  be  in 
favor  of  the  older  animal. 

Humidity. — ^The  relative  humidity  of  the  air  is  an  important  factor 
in  the  temperature  relations  of  the  animal.  Moist  air  tends  to 
increase  the  conductivity  of  the  hair  or  wool  and  thus  in  effect  to 
raise  the  critical  temperature.  Accordingly,  we  should  anticipate 
that  in  a  dry  climate,  like  that  of  the  Northwest,  animals  might  be 
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safely  exposed  to  a  greater  degree  of  cold  than  in  a  damp  climate, 
like  the  winter  of  the  seaboard  States. 

Precipitation, — An  important  factor  in  the  case  is  the  amount  of 
precipitation  (rain  or  snow)  to  be  expected  during  the  feeding  period. 
In  cold  weather  the  low  temperature  of  the  water  which  penetrates 
to  the  skin  of  animals  is  the  cause  of  a  loss  of  heat  which  may  be 
regarded  as  practically  an  addition  to  that  due  to  the  cold  air,  the 
extent  of  both  losses  being  affected  by  the  thickness  of  the  animal's 
coat.     Far  more  important  than  this,  however,  is  the  expenditure  of 
heat  required  to  dry  out  the  coat  aft^r  it  is  wet,  and  this,  as  it  would 
seem  and  as  some  of  the  experiments  with  sheep  seem  to  indicate ^ 
would  be  greater  with  the  heavier  coated  animal  when  it  has  once 
become  thoroughly  wet.     Still  greater,  relatively,  is  the  heat  required 
to  melt  snow  falling  on  the  animal,  or  upon  which  it  is  compelled 
to  lie. 

These  effects,  it  wUl  be  observed,  are  largely  independent  of  the 
indications  of  the  thermometer,  and  it  is  clear  that  the  nature  of  the 
climate  as  regards  humidity  and  precipitation  is  quite  as  important 
a  factor  as  the  temperature  in  its  bearing  on  the  question  of  shelter, 
and  that  in  many  localities  a  roof  to  shelter  the  animals  from  storms 
may  be  as  efficient  as  a  tight  barn.  One  advantage  of  the  roof, 
already  mentioned  incidentally,  is  that  it  provides  the  possibility  of 
a  dry  bed,  thus  not  only  adding  to  the  comfort  of  the  stock  but  avoid- 
ing expenditure  of  energy  in  warming  up  or  evaporating  wat^r  or 
melting  snow  or  ice. 

Wind, — All  are  familiar  with -the  greater  severity  of  a  windy  day 
as  compared  with  a  still  one  of  the  same  temperature.  A  large  part 
of  the  protective  value  of  the  clothing  of  man  or  the  coat  of  an  animal 
resides  in  the  air  entangled  between  the  fiber  of  the  material.  Wind 
tends  to  replace  this  air  with  fresh,  cold  air  and  thus  greatly  reduces 
the  protective  effect.  A  wind-break,  therefore,  may  have  a  distinct 
economic  value  in  stock  feeding. 

Temperature  of  drinking  water. — In  general,  the  same  considera- 
tions adduced  in  discussing  the  influence  of  the  temperature  of  the 
air  apply  to  that  of  the  drinking  water.  Under  heavy  feeding, 
especially,  unless  in  very  cold  quarters,  the  animal  has  a  surplus  of 
heat  which  it  can  apply  to  warming  its  drink.  If,  then,  the  latter  is 
at  a  temperature  to  be  consumed  freely  there  would  seem  to  be  no 
occasion  for  heating  it  further,  except  for  one  important  considera- 
tion. The  temperature  of  the  air  acts  continuously  and  with  approxi- 
mate uniformity.  That  of  the  water,  on  the  other  hand,  acts  only  at 
intervals,  often  only  two  or  three  times  per  day.  If,  now,  the  animal 
consumes  within  a  short  time  a  large  amount  of  cold  water,  a  corre- 
spondingly rapid  expenditure  of  heat  is  required  to  warm  this  water 
to  the  body  temperature,  and  this  demand  may  for  a  time  exceed  the 
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supply  of  surplus  heat,  and  cause  an  increased  oxidation  of  tissue  or 
food  material  for  the  sake  of  heat  production  only.  Such  a  loss  can 
never  be  made  good  at  a  later  hour,  since,  once  converted  into  heat, 
the  energy  has  escaped  from  the  grasp  of  the  body.  Other  things 
being  equal,  then,  it  will  clearly  be  desirable  to  have  the  water  con- 
sumption approximate  as  nearly  as  possible  a  continuous  consumption 
by  having  it  constantly  accessible,  while  if  stock  are  watered  only  at 
intervals  the  temperature  of  the  water  may  need  to  be  rather  higher 
than  in  the  other  case. 

Insolation, — The  effects  of  the  weather  are  appreciably  modified  by 
the  exposure  of  stock  to  direct  sunlight.  Aside  from  any  direct 
effect  of  the  light  as  such,  a  not  inconsiderable  amount  of  heat  is 
imparted  to  the  body  by  the  sun's  rays.  During  cold  weather  this  is 
likely  to  be  a  distinct  advantage,  but  during  the  hot  months  the 
reverse  is  true.  Since  the  animal  can  not  reduce  its  heat  production 
below  that  required  for  its  internal  work  and  for  the  digestion  and 
assimilation  of  its  food,  it  may  seriously  tax  its  powers  to  dispose  of 
the  additional  heat  imparted  by  the  direct  sunlight.  In  this  case 
shelter  of  some  sort,  may  be  required  for  opposite  reasons  to  those 
obtaining  during  the  cold  months.  For  similar  reasons  a  supply  of 
cool,  fresh  water,  and  exposure  to  the  wind  may  be  of  great  advantage 
in  helping  the  animal  to  get  rid  of  its  surplus  heat. 

VENTILATION    AND   LIGHT. 

Scarcely  any  data  are  available  as  to  the  influence  of  these  two 
factors  apart  from  their  relations  to  heat  production.  There  is  no 
question,  however,  that  proper  ventilation  and  reasonably  light 
quarters  will  tend  to  promote  the  welfare  of  the  stock,  both  by  render- 
ing the  conditions  less  favorable  for  the  development  and  transmission 
of  germ  diseases  and  by  a  direct  effect  upon  the  health  and  resisting 
powers  of  the  animals. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agricultuke, 
Bureau  of  Animal  Industry, 
Washington,  D.  C, ,  September  21 , 1 908. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
*' Proteolytic  Changes  in  the  Ripening  of  Camembert  Cheese,"  by 
Arthur  W.  Dox,  chemist  in  cheese  investigations,  Dairy  Division,  and 
recommend  that  it  be  published  as  Bulletin  109  of  this  Bureau.    This 
paper  deals  with  work  carried  on  at  the  Storrs  (Conn.)  Agricultural 
Experiment  Station,  by  cooperation  between  that  station  and  the 
Dairy  Division  of  this  Bureau. 

Respectfully,  A.  D.  Melvin, 

Ch  ief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PROTEOiniC  CHANGES  IN  THE  RIPENING  OF 
CAMEMBERT  CHEESE. 


INTBODTJGTORY. 

Until  comparatively  recent  years  the  changes  that  take  place  in  the 
ripening  or  curing  of  the  different  varieties  of  cheese  were  but  little 
understood.  Although  the  practice  of  cheese  making  has  been  carried 
on  for  centuries,  all  of  our  knowledge  of  the  chemical  changes  involved 
in  the  ripening  process  and  the  various  factors  that  bring  about  these 
changes  has  come  to  us  within  the  past  fifty  years.  The  earliest 
record  we  have  of  any  discussion  of  this  subject  from  a  chemical  point 
of  view  was  published  only  a  century  ago.  In  this  paper  the  French 
chemist,  Chaptal,***  discusses  the  ripening  of  Roquefort  cheese  and 
advances  certain  theories  to  account  for  the  changes  in  appearance  and 
flavor  which  this  cheese  undergoes  during  its  sojourn  in  the  natural 
ripening  caves.  Biological  factors  were,  of  course,  not  taken  into 
account  in  ChaptaPs  paper,  for  that  phase  of  the  subject  was  unknown 
until  the  time  of  Pasteur. 

No  scientific  study  of  the  subject,  however,  was  made  until  the 
latter  half  of  the  nineteenth  century.  The  attention  of  chemists  was 
then  directed  to  Roquefort  cheese  by  a  paper  published  by  Blondeau* 
in  1864.  Blondeau  analyzed  cheeses  in  different  stages  of  ripening 
and  found  that  the  fat  content  increased  from  1.85  per  cent  in  the 
fresh  cheese  to  32.31  per  cent  in  the  cheese  two  months  old.  This 
enormous  increase  in  the  fat  he  ascribed  to  a  synthesis  of  fat  from 
protein  by  the  mold.  But  a  comparison  of  his  figures  for  the  other 
constituents  of  the  cheese  as  well  as  the  fat  with  analyses  to  be  found 
in  any  modem  book  on  dairy  products  will  show  their  utter  im- 
possibility. This  inaccurate  work  of  Blondeau,  however,  served  the 
purpose  of  directing  the  attention  of  other  investigators  to  the  sub- 
ject, and  during  the  next  few  years  the  changes  in  the  fat  content  of 
cheese  were  studied  by  Brassier,^  Sieber,*  Jacobstahl,*^  and  VonNageli 
and  Loew. ' 

By  this  time  the  subject  of  cheese  ripening  had  begun  to  arouse  con- 
siderable interest  among  scientific  investigators,  and  their  researches 
were  extended  to  other  varieties  of  cheese.     Swiss  cheese  and  Cheddar 


«  Tho  figiin  8  ref(»r  to  list  of  literature  at  end  of  bulletin. 
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cheese  in  particular  received  considerable  attention.  Among  those 
who  worked  with  Swiss  cheese  were  Weidmann/  ROse,"  Schulze,"  and 
Winterstein.*  In  our  own  country  the  Cheddar  type  of  cheese  has 
been  made  the  subject  of  thorough  chemical  investigation,  and  in  this 
connection  reference  is  made  to  the  work  of  Babcock  and  Russell*®  and 
that  of  Van  Slyke  and  Hart."  The  German  investigators  made  a  spe- 
cial study  of  the  products  of  proteolysis,  while  those  in  this  country 
studied  more  particularly  the  factors  that  cause  the  ripening. 

All  this  work,  however,  deals  with  the  ''hard''  cheeses.  In  this 
class  of  cheeses  the  ripening  factors  are  the  enzymes  or  unorganized 
ferments  present  in  the  fresh  curd  and  the  bacteria  which  occur  in 
enormous  numbers  in  the  cheese.  Such  cheeses  require  several  months 
for  ripening,  for  the  enzymes  are  present  in  very  small  amount,  and  the 
bacteria  do  not  produce  rapid  proteolytic  changes.  In  contrast  to 
the  hard  cheeses  we  have  another  distinct  class  known  as  the  soft 
cheeses.  The  cheeses  belonging  to  this  class  differ  mainly  from  those 
of  the  former  class  in  that  they  contain  a  much  higher  percentage  of 
water.  This  higher  moisture  content  is  much  more  favorable  to  the 
development  of  micro-organisms,  and  the  ripening  proceeds  with 
greater  rapidity. 

PROCESSES  IN  THE  BIPENXNG  OF  CAMEMBEBT  CHEESE. 

The  variety  of  soft  cheese  which  we  shall  consider  in  this  paper  is 
the  Camembert  type,  a  soft  cheese  ripened  mainly  by  a  surface  growth 
of  mold.  Of  late  years  it  has  attained  considerable  importance  in  the 
cheese  market,  and  the  public  is  now  more  or  less  familiar  with  it. 
Although  it  is  still  imported  from  France  in  large  quantities,  its  man- 
ufacture has  been  undertaken  on  a  commercial  scale  in  our  own  coun- 
try with  considerable  success.  The  researches  carried  on  by  the 
Dairy  Division  of  the  Bureau  of  Animal  Industry,  in  cooperation 
with  the  Storrs  Agricultural  Experiment  Station,  with  a  view  to 
introducing  the  manufacture  of  Camembert  cheese  into  the  United 
States,  have  given  very  gratifying  results."  For  a  description  of  the 
details  of  its  manufacture  the  reader  is  referred  to  a  bulletin  by  T.  W. 
Issajeff." 

The  biological  factors  essential  to  the  production  of  Camembert 
cheese  are  the  lactic-acid  bacteria,  which  are  normally  present  in 
milk,  and  two  molds,  Penidllium  camemherti  Thom"  and  Oidium 
lactis.  Other  molds  that  may  be  present  are  generally  contamina- 
tions and  often  deleterious  to  the  cheese.  The  penicillium  is  the  mold 
that  produces  the  actual  ripening  or  digestion  of  the  curd,  while  the 
oidium  seems  to  be  connected  in  some  way  with  the  flavor  production. 
The  oidium  by  itself  or  in  conjunction  with  the  lactic-acid  bacteria 
can  not  ripen  a  cheese  more  than  a  few  millimeters  below  the  surface. 
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The  ripening  of  all  cheeses  being  essentially  a  hydrolysis  of  the  para- 
casein or  cheese  curd  through  the  agency  of  various  enzymes,  the  end 
products  or  simple  substances  from  which  the  complex  protein  mole- 
cule is  built  up  are  set  free  in  varying  amounts  during  the  course  of 
the  ripening  period.  At  the  same  time  secondary  reactions  m%y 
occur  which  involve  not  only  hydrolysis,  but  also  oxidation,  reduction, 
desamidation,  and  removal  of  carboxyl  groups.  The  products  of 
simple  hydrolysis  may  thus  undergo  further  changes  with  the  forma- 
tion of  substances  differing  widely  in  chemical  constitution  from  the 
substances  from  which  they  were  derived.  The  successive  steps  of 
such  reactions  are  often  difficult  to  follow,  and  it  is  sometimes  impos- 
sible to  ascertain  precisely  what  the  mother  substance  is.  In  most 
cases,  however,  the  secondary  changes  involve  but  one  step,  th# 
removal  of  a  certain  radical  from  the  original  hydrolytic  products 
These  changes  are  caused  for  the  most  part  by  bacteria,  and  in  a 
cheese  where  the  ripening  is  produced  almost  entirely  by  other  agen- 
cies they  are  of  minor  importance.  Where  they  do  occur  they  result 
not  from  the  direct  action  of  an  enzyme  acting  outside  the  cell  wall 
of  the  organism,  but  rather  from  activities  dependent  upon  the  life 
history  and  metabolism  of  the  organism.  For  this  reason  the  center 
of  a  hard  cheese  shows  the  same  flora  and  the  same  chemical  compo- 
sition as  the  portion  near  the  rind.  With  cheeses  of  the  Camembert- 
Brie  type,  however,  there  is  a  marked  difference  in  this  respect.  The 
actual  ripening  here  is  caused  by  the  proteolytic  enzvme  of  the  mold. 
This  enzyme  is  secreted  by  the  mold  growing  on  the  surface  of  the 
cheese  and  diffuses  toward  the  center,  digesting  the  curd  through 
which  it  passes  until  the  cheese  is  ripe.  The  fact  that  the  ripening 
begins  at  the  surface  and  proceeds  toward  the  center  indicates  that 
the  enzyme  is  produced  in  the  mycelium  of  the  mold.  The  progress 
of  the  ripening  is  very  easy  to  follow,  for  the  texture  and  color  of  the 
ripened  portion  are  quite  different  from  those  of  the  unripened  curd, 
and  there  is  always  a  sharp  line  of  demarcation  between  the  two. 
The  mycelium  of  the  mold  does  not  penetrate  more  than  a  few  milli- 
meters into  the  cheese,  forming  a  sort  of  rind  which  is  removed  when 
the  cheese  is  eaten. 

The  fresh  Camembert  cheese  differs  from  the  fresh  curd  of  other 
whole-milk  cheeses  mainly  in  the  greater  amount  of  whey  it  con- 
tains. This  slightly  increases  the  relative  amount  of  the  other  pro- 
teins, lactalbumin,  whey  protein,  and  lactoglobulin,  as  well  as  that 
of  the  nonnitrogenous  constituents — lactose,  citric  acid,  and  inor- 
ganic salts.  The  amount  of  butterfat  in  the  cheese  varies  merely 
with  the  richness  of  the  milk.  Paracasein,  however,  is  the  only 
protein  present  in  any  considerable  amount,  and  the  end  products  of 
the  ripe  cheese  may  be  considered  as  derived  from  it.     Moreover, 
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the  other  three  proteins  mentioned  above  yield  the  sanie  primary 
disintegration  products,  and  a  distinction  as  to  the  origin  of  the 
latter  can  not  be  made. 

The  proteolytic  changes  which  constitute  the  ripening  of  Camem- 
bert  cheese  consist,  therefore,  in  the  changes  which  this  paracasein 
undergoes  through  the  action  of  proteolytic  enzymes.  As  has  already 
been  mentioned,  the  principal  factor  is  the  enzyme  secreted  by  the 
Camembert  penicillium.  Other  enzymes  are  present,  however,  and 
a  brief  discussion  of  these  will  follow.  No  appreciable  proteolysis 
occurs  until  after  the  cheese  is  nearly  2  weeks  old.  But  in  the 
meantime  certain  changes  take  place  in  the  character  and  8olubilit3" 
of  the  curd.  These  changes  have  been  studied  by  Bosworth.** 
They  consist  mainly  in  the  liberation  of  paracasein  from  combination 
with  calcium,  due  to  the  formation  of  lactic  acid  by  lactic  acid  bac- 
teria. At  the  same  time  the  paracasein  is  converted  into  a  form 
completely  soluble  in  5  per  cent  salt  solution,  and  later  it  becomes 
insoluble  again.  As  these  are  not,  strictly  speaking,  proteolytic 
changes,  a  detailed  discussion  will  not  be  given  here. 

ENZYMES    IN   THE    CHEESE. 

With  the  exception  of  the  enzyme  secreted  by  the  mold  and  of  a 
smaller  variety  of  bacteria,  Camembert  contains  the  same  ferments 
that  are  present  in  other  cheeses.  Like  the  hard  cheeses,  it  contains 
the  milk  enzyme  galactase,  the  rennet  enzj^me  chymosin  added  in 
the  curdling  process,  and  lactic  acid  bacteria.  In  the  case  of  the 
Cheddar  type  of  cheese  the  action  of  these  three  factors  has  been 
studied  in  detail.  Babcock  and  Russell  found  tliat  galactase  and 
rennet  (pepsin)  were  important  agents  in  the  ripening  of  this  variety 
of  cheese.  According  to  Van  Slyke  and  Ilart,*^  the  rennet  alone  is 
capable  of  ripening  a  cheese.  In  their  experiments  the  galactase 
was  first  destroyed  by  heat  and  tlien  chloroform  added  to  prevent 
the  development  of  bacteria,  yet  the  ripening  went  on,  though  not 
as  rapidly  as  in  the  normal  cheese,  and  the  character  of  the  chemical 
products  was  somewhat  different.  Thus  there  was  a  predominance 
of  paranuclein,  caseoses,  and  peptones,  and  an  abnormalh"  small 
amount  of  amino-acids.  The  entire  absence  of  armnonia  was  very 
striking.  The  function  of  the  bacteria  in  tliis  variety  of  cheese  has 
been  studied  by  Rogers. ^^  He  came  to  the  conclusion  that  the 
enzymes  produced  by  the  bacteria  were  responsible  for  most  of  the 
digestion  beyond  the  peptone  stage,  and  consequently  the  charac- 
teristic flavors. 

In  the  short  time  required  for  the  ripening  of  Camembert  cheese 
the  rennet,  galactase,  and  lactic  acid  bacteria  produce  no  appreciable 
digestion.  This  conclusion  was  reached  by  Bosworth,  and  the  expe- 
rience of  the  writer  confirms  it.     Even  the  hard  cheeses  which  are 
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ripened  entirely  by  these  agents  undergo  very  little  change  during 
the  first  month.  A  Camembert  cheese,  however,  should  be  ripe  at 
the  end  of  a  month,  and  at  the  same  time  should  contain  a  greater 
amount  of  primarj^  digestion  products.  This  ripening  must  be  due 
almost  entirely  to  the  mold  enzyme,  for  the  interior  curd,  which  has 
not  yet  been  reached  by  this  enzyme,  but  contains  all  of  the  other 
ferments,  shows  little  evidence  of  digestion.  If  the  unripened  curd 
in  the  center  of  a  Camembert  cheese  three  or  four  weeks  old  be  sub- 
jected to  chemical  analysis  it  will  be  found  that  the  paracasein  is 
scarcely  altered  except  for  the  fact  that  it  is  liberated  from  combi- 
nation with  calcium.  The  galactase  can  not  play  more  than  a  very 
subordinate  r61e,  as  is  wshown  by  the  fact  that  the  cheese  ripens 
normally  when  made  from  milk  which  has  been  pasteurized  at  a 
temperature  suificiently  high  to  impair  greatly,  if  not  destroy,  the 
activity  of  this  enzyme.  Likewise  the  rennet  can  not  be  of  more 
than  minor  importance  as  a  ripening  factor.  Recent  investigations 
have  shown  that  chymosin  or  rennet  enzyme  is  identical  with  pepsin. 
But,  as  will  be  seen  later,  the  ripening  of  Camembert  cheese  bears 
no  resemblance  to  a  peptic  digestion.  The  rennet  should  show  its 
greatest  activity  in  the  interior  curd,  which  is  quite  strongly  acid. 
But  owing  to  the  short  duration  of  the  ripening  period  and  the  small 
amount  of  rennet  present,  the  proteolytic  action  of  the  latter  is  prac- 
tically negligible.  Aside  from  the  hydrolysis  of  the  casein  into  para- 
casein and  whey  protein,  its  action  is  inappreciable.  The  unripened 
curd  shows  no  evidence  of  peptic  digestion. 

The  lactic  acid  bacteria  which  constitute  nine-tenths  of  the  bac- 
terial flora  of  the  cheese  serve  the  purpose  of  converting  the  milk 
sugar  into  lactic  acid,  thus  producing  conditions  unfavorable  to  the 
development  cf  other  bacteria.  They  are  probably  responsible  for 
the  peculiar  flavor  which  is  characteristic  of  the  acid  curd  in  the 
interior  of  a  Camembert  cheese.  Their  proteolytic  action  is  other- 
wise hardly  noticeable.  Experiments  in  which  sterile  curd  was 
inoculated  with  these  organisms  show  that  the  amount  of  diffusible 
nitrogen  increases  only  very  slightly  at  the  end  of  a  month,  even  in 
the  presence  of  calcium  carbonate,  which  neutralizes  the  acid. 

We  are  safe  in  assuming,  therefore,  that  these  three  proteolytic 
factors — the  galactase,  the  rennet,  and  the  lactic  acid  bacteria — 
have  very  little  to  do  with  the  actual  ripening  of  the  cheese,  this 
being  essentially  the  work  of  the  enzyme  from  the  mold. 

As  has  already"  been  pointed  out,  the  mold  of  Camembert  cheese 
{PeniciUium  camemberti)  secretes  a  powerful  proteolytic  enzyme, 
which  is  undoubtedly  the  most  potent  factor  in  the  ripening  of  this 
cheese.  The  fact  that  the  ripening  begins  at  the  surface  and  proceeds 
toward  the  center  indicates  that  the  enzyme  is  produced  in  the  myce- 
lium of  the  mold  and  diffuses  inward.  The  diffusibility  of  this  enzyme 
58056— No.  109—08 2 
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is  also  shown  by  the  fact  that  synthetic  culture  media  upon  which 
this  mold  has  grown  for  some  time  have  a  marked  proteolytic  activity. 
Experiments  are  now  being  instituted  to  determine  the  exact  nature 
of  this  enzyme  and  the  extent  to  which  it  will  hydrolyze  certain  proteins. 
The  results  thus  far  obtained  seem  to  indicate  that  it  is  of  the  nature 
of  erepsin.  It  attacks  casein  and  peptone  readily,  but  is  without 
action  upon  fibrin  and  coagulated  egg  albumin. 

Vines"  has  shown  that  erepsin  is  very  widely  distributed  in  the 
vegetable  kingdom.  This  vegetable  *'ereptase/'  as  he  calls  it,  differs 
from  animal  erepsin  in  that  it  is  most  active  in  the  presence  of  the 
natural  acid  of  the  plant.  The  addition  of  other  acids,  or  of  an 
alkali,  greatly  impairs  its  activity.  As  long  as  the  acidity  is  due 
entirely  to  acid  phosphates,  the  activity  of  this  ereptase  is  very 
pronounced,  but  the  presence  of  free  acid  in  the  medium  is  inhibitory. 
It  is  readily  seen,  therefore,  that  a  fresh  Camembert  cheese  offers 
very  favorable  conditions  for  the  action  of  ereptase.  In  the  first 
place,  casein  and  paracasein  are  readily  attacked  by  this  enzyme. 
In  the  second  place,  the  lactic  acid  produced  by  the  bacteria  does  not 
accumulate  but  combines  with  the  calcium  phosphate,  forming 
calcium  lactate  and  mono-calciuifi  phosphate.  The  acidit}''  of  the 
cheese  is  due  to  the  presence  of  the  latter  salt. 

In  this  connection,  however,  it  must  be  remembered  that  the  same 
results  are  not  necessarily  obtained  with  enzymes  in  the  presence 
of  an  antiseptic  as  with  organisms  in  vivo.  In  the  case  of  Camembert 
cheese  where  the  proteolysis  is  effected  by  diffusion  of  the  enzyme 
rather  than  by  diffusion  of  the  substratum,  the  conditions  more 
nearly  approach  those  met  with  in  an  artificial  digestion  experiment. 
Nevertheless  there  are  certain  striking  differences  which  will  be 
pointed  out  later.  A  discussion  of  the  enz^Tiies  obtained  from  a 
pure  culture  of  this  organism  will  be  reserved  for  a  future  paper. 

PROTEOLYSIS   OF    CASEIN. 

When  casein  or  any  other  protein  is  boiled  with  strong  acid  or 
alkali,  a  decomposition  takes  place  with  the  production  of  simpler 
substances.  These  simple  substances  resulting  from  such  decomposi- 
tion have  of  late  years  been  studied  by  a  number  of  investigators.  A 
similar  decomposition  occurs  when  the  protein  is  acted  upon  by 
proteolytic  enzymes.  These  enzymes  also  have  the  power  of  trans- 
forming casein  into  bodies  of  less  molecular  complexity.  The 
changes  are  of  a  hydrolytic  nature,  the  original  molecule  being 
broken  successively  at  different  places  and  a  molecule  of  water 
entering  at  the  point  of  cleavage.  The  extent  to  which  the  protein 
is  hydrolyzed,  and  consequently  the  nature  of  the  resulting  products, 
depends  upon  the  enzyme.  Pepsin,  obtained  from  the  gastric  juice, 
does  not  carry  the  proteolysis  beyond  the  peptone  stage,  while  tryp- 
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sin,  obtained  from  the  pancreas,  breaks  up  the  protein  into  crystal- 
line end  products.  Erepsin,  on  the  other  hand,  does  not  attack 
native  proteins,  with  the  exception  of  casein,  but  acts  readily  upon 
proteoses  and  peptones.  The  enzynie  isolated  by  the  writer  from 
Camembert  mold  resembles  erepsin  in  this  respect. 

NITBOGENOUS  CONSTITTJENT8  OF  THE  CHEESE. 

The  ripening  of  Camembert  cheese  being  a  proteolysis,  certain 
digestion  products  may  be  expected  to  occur  in  the  ripened  cheese. 
As  casein,  or  rather  paracasein,  forms  the  main  bulk  of  the  proteins 
in  the  curd,  it  would  therefore  undergo  the  same  changes  that  occur 
when  casein  is  digested  artificially  with  an  enzyme,  though  the 
proteolysis  is  never  allowed  to  go  on  as  far  in  a  cheese  as  is  usually 
done  in  an  artificial  digestion  experiment.  The  products  may  be 
grouped  roughly  into  the  following  classes:  Caseoses,  peptones, 
polypeptids,  amino-acids,  and  ammonia.  Methods  for  the  separation 
of  these  groups  of  substances  from  cheese  have  already  been  elabo- 
rated by  Van  Slyke  and  Hart."  They  consist  in  extracting  the  cheese 
with  water,  and  determining  the  nitrogen  in  the  precipitates  obtained 
by  the  addition  of  various  reagents  to  aliquot  portions  of  this  extract. 

In  the  subsequent  pages  of  this  article  the  separation  of  the  indi- 
\'idual  members  of  these  groups  will  be  discussed.  The  cheeses  used 
for  this  work  were  made  at  the  Storrs  Experiment  Station,  and  were 
pronounced  by  experts  to  be  equal  in  texture  and  appearance  to  the . 
imported  brands.  Both  texture  and  flavor  showed  them  to  be  excel- 
lent cheeses  of  the  Camembert  type. 

^he  analysis  of  a  ripe  cheese  by  the  method  of  Van  Slyke  and  Hart 
showed  the  nitrogenous  constituents  to  be  present  in  the  following 
amounts: 

_  - .  Per  cent 

Nitrogen  ae—  of  choesp. 

Total  nitrogen 2. 47 

Water— soluble 1. 79 

Precipitated  by  hydrochloric  acid 40 

Caseoses 10 

Peptones 28 

Amino-acide 82 

Salt — Boluble  (paracasein) 15 

Ammonia 19 

The  polypeptids  are  included  under  the  peptones  and  amino-acids. 
This  represents  the  analysis  of  an  individual  cheese.  Some  varia- 
tions occur  with  different  samples,  but  the  differences  are  only  slight 
with  cheeses  at  the  same  stage  of  ripening.  As  none  of  the  individual 
members  of  these  groups  of  digestion  products  had  ever  been  isolated 
from  Camembert  cheese,  a  determination  of  some  of  the  more  char- 
acteristic ones  was  considered  advisable.     Proximate  analyses  of  the 
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cheese  at  different  stages  of  ripening  will  be  found  in  Bosworth'« 
paper.  ^*  These  analyses  show  merely  the  rate  of  formation  or  destruc- 
tion of  three  broad  groups  of  digestion  products,  and  throw  little 
light  upon  the  nature  of  the  ripening  from  the  biochemical  stand- 
point. The  writer  has  attempted  to  determine,  as  far  as  the  facilities 
at  his  command  pennitted,  the  relative  amounts  of  the  more  impor- 
tant members  occurring  in  these  groups.  They  will  be  discussed  in 
the  same  order  as  the  groups  are  determined  in  Van  Slyke  and 
Hart's  method  for  the  analysis  of  cheese. 

HYDROCHLORIC   ACID   PRECIPITATE. 

When  an  aqueous  extract  of  the  cheese  is  made  and  acidified  with 
hydrochloric  acid,  a  white  curdy  precipitate  appears,  which  on  warm- 
ing to  50*^  C.  clots  together  into  a  gummy  mass.  If  the  digestion 
were  of  a  peptic  nature  this  precipitate  should  consist  of  paranuclein. 
The  chief  characteristics  of  this  altered  phosphoprotein  are  its  high 
phosphorus  content  and  the  comparative  slowness  with  which  it  is 
fiHther  acted  upon  by  pepsin.  On  the  other  hand,  trypsin  converts 
casein  directly  into  caseoses  without  the  formation  of  paranuclein, 
and  at  the  same  time  liberates  the  phosphorus  in  the  form  of  phos- 
phoric acid.  Erepsin  probably  acts  in  the  same  way  as  trypsin  in  this 
respect.  Again,  the  precipitate  might  be  a  coagulose  or  protein  syn- 
thesized by  the  reversed  action  of  a  proteolytic  enzyme.  Such  a 
coagulose  is  Kurajeff's  plastein,  formed  by  the  action  of  rennet  on 
albuminoses. 

A  similar  precipitate  has  been  obtained  from  other  varieties  of 
cheese  and  has  usually  been  regarded  as  paranuclein.  As  the  ripen- 
ing of  Camembert  cheese  is  not  a  peptic  digestion,  it  seemed  unlikely 
that  tliis  precipitate  could  be  paranuclein.  In  order  to  determine 
more  precisely  the  nature  of  the  precipitate,  several  cheeses  were 
subjected  to  the  following  treatment. 

An  aqueous  extract  was  made  by  stirring  the  macerated  cheese 
with  water  in  a  bath  maintained  at  a  temperature  of  50°  C.  This 
extraction  was  repeated  several  times,  filtering  off  the  hquid  at  the 
end  of  half  an  hour  through  cotton  and  asbestos,  and  adding  fresh 
quantities  of  water  until  the  filtrate  was  practically  free  from  nitroge- 
nous matter.  The  extract  made  in  this  way  was  acidified  to  0.2  per 
cent  with  hydrochloric  acid,  whereupon  a  white  curdy  precipitate 
resulted.  The  precii)itat?e  was  washed  thoroughly  with  acidulated, 
then  with  distilled,  water,  and  finally  dried  in  a*  desiccator  and 
extracted  with  ether  to  remove  adhering  fat. 

Upon  testing  the  solubilities  of  this  precipitate,  it  was  found  that 
a  small  part  of  it  dissolved  in  5  per  cent  sodium  clilorid  solution, 
while  the  greater  part  was  soluble  in  50  per  cent  alcohol.  The 
smaller  fraction  was  studied  first.  It  dissolved  in  alkalies,  was 
reprecipitated  by  acids,  excess  of  which  dissolved  the  precipitate. 
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The  substance  was  readily  attacked  by  trypsin,  dissolving  com- 
pletely in  twenty-four  hours,  and  giving  a  solution  from  which  no 
precipitate  was  obtained  by  saturation  with  ammonium  sulphate. 
A  sample  dried  at  110**C.  gave  the  following  analysis,  based  upon 
the  ash-free  substance.  Alongside  it  are  given  ROse's  analysis  of 
paracasein  and  Chittenden's"  analysis  of  paranuciein,  with  the 
phosphorus  as  found  by  Jackson. 


Carbon 

Hydrogen., 
Nitrogen... 

Sulphur 

Phosphorus 
Ash 


Substance 
from  cheese. 


Paracaacln    I  Paranucleln 
(Rdse).       (Chittenden). 


51.29 
7.26 

15.23 

.08 

2.75 

12.43 


53.63 

53.94  . 

7.08 

7.14 

15.10 

15.14 

.OS 

1.01 

.50 

.82 

A  comparison  of  these  analyses  shows  that  the  substance  is  too 
low  in  phosphorus  to  be  paranuclein.  The  analysis  agrees  fairly 
well  with  that  of  paracasein,  and  it  can  be  regarded  as  paracasein 
from  which  a  part  of  the  phosphorus  has  been  liberated  by  enzyme 
action.  Paracasein  probably  contains  about  the  same  amount  of 
phosphorus  as  casein  itself,  which,  according  to  Hammarstein,  is 
0.85  per  cent. 

The  alcohol-soluble  part  of  the  precipitate  was  dissolved  in  50  per 
cent  alcohol,  filtered  and  poured  into  water.  A  gummy  precipitate 
was  formed.  It  was  dried  at  110°  C,  extracted  with  ether,  and 
analyzed.  On  fusing  the  substance  with  potash  and  niter  for  the 
sulphur  determination,  a  strong  odor  of  skatol  was  emitted,  stronger 
than  that  obtained  with  casein.  This  indicates  the  presence  of  the 
tryptophane  group.  The  ready  solubihty  in  alcohol  and  insolu- 
bility in  water  are  properties  characteristic  of  caseoglutin,  a  sub- 
stance discovered  in  Swiss  cheese  by  Weidmann.  The  analysis, 
together  wdth  ROse^s  analysis  of  caseoglutin,  follows: 


Carbon 

Hydrogen . . 
Nitrogen... 

Sulphur 

Phosphorus 
Ash 


Substance 
from  cheese. 

1 

Caseoglutin 

(ROse). 

.1               54.34 

54.4 

..'                 7.30 

7.34 

15.37 

15.29 

.96 

.95 

.06 

.28 

Both  the  analysis  and  the  properties  of  this  substance  agree  with 
those  of  caseoglutin. 


COAGULABLE    PROTEINS. 


Winterstein  found  in  Swiss  cheese  a  small  amount  of  a  substance 
which  was  precipitated  from  acid  vsolution  by  boiling.  This  substance 
he  calls  tyroalbumin.     Its  exact  nature  has  not  yet  been  determined. 
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Several  attempts  were  made  to  find  this  substance  in  Camembert 
cheese,  but  so  far  they  have  resulted  in  failure.  On  heating  the 
filtrate  from  the  caseoglutin  to  boiling,  both  in  acid  and  in  neutral 
solution,  no  precipitate  was  obtained. 

CASEOSES. 

These,  together  with  the  peptones,  are  the  intermediate  disintegra- 
tion of  casein  by  ordinary  proteolytic  enzymes.  They  can  not  be 
regarded  as  homogeneous  substances,  as  they  represent  transition 
products  formed  by  the  loss  of  varying  numbers  of  amino-acid  mole- 
cules from  the  original  protein.  They  can,  however,  be  separated 
into  groups  according  to  their  solubilities.  A  method  for  the  separa- 
tion of  albumoses  by  fractional  precipitation  w^ith  ammonium  sul- 
phate was  elaborated  by  Pick.**  If  nitrogen  determinations  are  to 
be  made,  the  ammonium  sulphate  must  be  removed  hy  dialysis,  a 
long  and  tedious  operation.  To  obviate  this  diflSculty  Zunz***  used 
zinc  sulphate  and  found  that  the  precipitation  Umits  were  quite  as 
sharply  defined.  As  the  elementary  analyses  of  these  groups  of 
caseoses  have  very  little  value,  and  the  peptones  were  to  be  separated 
from  the  filtrate,  the  method  of  Pick  was  used  in  this  work.  These 
saturation  limits  can  not,  however,  be  regarded  as  reliable  indexes  of 
individuality. 

The  caseoses  of  the  cheese  were  separated  into  the  four  fractions 
described  by  Pick.  They  are  designated  as  follows:  Protocaseose, 
by  half  saturation  of  the  neutral  solution  with  ammonium  sulphate; 
deuterocaseose  A,  by  two-thirds  saturation;  deuterocaseose  B,  by 
complete  saturation;  and  deuterocaseose  C,  by  acidifying  the  fiiltrate 
from  B.  In  the  early  stages  of  ripening,  the  protocaseose  predomi- 
nates. In  the  ripened  cheese,  however,  protocaseose  and  deutero  B 
are  present  in  about  equal  amounts,  and  together  form  about  three- 
fourths  of  all  the  caseoses.  A  distinction  will  be  noticed  here  from 
the  albumose  formation  observed  by  Zunz  in  peptic  digestion.  Ac- 
cording to  Zunz,  after  deutero  B  has  reached  its  maximum,  deutero 
A  predominates,  and  finally  deutero  C. 

In  purifying  the  different  fractions,  the  method  of  Haslam'*  was 
followed  out,  viz,  rubbing  the  precipitate  in  a  mortar  with  am- 
monium sulphate  solution  of  the  same  concentration  as  the  filtrate. 
Several  reprecipitations  were  made  before  the  product  was  finally 
freed  from  ammonium  sulphate  by  repeated  precipitation  with  alcohol. 

The  first  fraction  should  contain,  besides  protocaseose,  heteroal- 
bumose  if  this  substance  were  present  in  the  cheese.  Heteroal- 
bumose  could  not  be  derived  from  casein.  Traces  were  found,  how- 
ever, but  they  probably  came  from  albumin.  Upon  subjecting  the 
carefully  purified  protocaseose  to  dialysis,  a  slight  residue  was  left 
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Avhich  would  not  diffuse.  The  amount  was  too  small  for  chemical 
examination,  but  it  was  probably  heteroalbumose.  All  the  fractions 
gave  the  biuret  reaction,  and  all  except  deutero  C  gave  the  Millon 
reaction.  The  intensity  of  the  lead  sulpliid  reaction  seemed  to 
diminish  progressively,  until  with  deutero  C  it  was  just  perceptible. 

PEPTONES. 

The  filtrate  from  tiie  caseoses  was  nearly  neutralized  with  ammonia 
and  treated  with  a  saturated  solution  of  ferric  ammonium  sulphate. 
A  gelatinous  brown  precipitate  resulted.  This  corresponds  to  the 
alpha  and  beta  peptones  of  Siegfried."  The  precipitate  was  filtered 
off,  washed  with  a  saturated  solution  of  iron  alum,  and  decomposed 
by  barium  hydrate.  After  filtering  off  the  ferric  hydroxid  and  ba- 
rium sulphate,  a  current  of  air  was  drawTi  through  the  alkaline  solu- 
tion until  the  ammonia  was  expelled.  The  barium  was  then  removed 
by  sulphuric  acid,  and  the  solution  concentrated  under  diminished 
pressure  and  poured  into  a  large  volume  of  alcohol.  A  precipitate 
was  obtained  which  is  analogous  to  Winterstein's  alpha  peptone. 
The  filtrate  still  contained  peptone,  as  was  sho\vn  by  an  intense  biuret 
reaction.  Further  addition  of  alcohol  gave  no  precipitate.  The  solu- 
tion must  therefore  contain  an  alcohol-soluble  peptone — Winterstein's 
beta  peptone.  It  was  reprecipitated,  after  distilHng  off  the  alcohol, 
by  phosphotungstic  acid,  the  precipitate  decomposed  by  barium  hy- 
droxid, and  the  barium  removed  by  sulphuric  acid,  carefully  avoid- 
ing an  excess.  The  solution  was  then  evaporated  to  drj^ness.  The 
resulting  beta  peptone  may  have  contained  sUght  admixtures  of  poly- 
peptids,  but  further  purification  was  not  attempted. 

The  alpha  peptone  gave  no  Millon  reaction  and  a  strong  furfurol 
reaction.  Beta  peptone,  on  the  other  hand,  gave  a  strong  Millon 
reaction,  but  no  furfurol  reaction.  Both  gave  the  characteristic  red 
biuret  reaction,  xanthoproteic  reaction,  and  a  slight  lead  sulphid  reac- 
tion. Dried  at  105°  C,  alpha  gave  15.10  and  beta  14.80  per  cent 
nitrogen.  In  this  case  the  analytical  figures  have  very  little  value, 
as  the  substances  are  hj^groscopic,  and  on  drying  continue  to  lose 
water  until  a  temperature  is  reached  which  causes  a  sUght  decompo- 
sition. The  two  peptones  were  present  in  about  equal  amount  and 
together  comprised  about  1.6  per  cent  of  the  cheese.  They  had  the 
bitter  taste  characteristic  of  peptones. 

POLYPEPTIDS. 

After  removal  of  the  caseoses  and  peptones  by  means  of  lead  acetate, 
carefully  avoiding  an  excess  of  the  reagent,  the  cheese  extract  still 
gave  a  biuret  reaction.  The  polypeptids  are  the  intermediate  prod- 
ucts between  peptones  and  amino-acids.    Some  of  them  give  a  biuret 
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reaction,  and  their  presence  is  probably  the  explanation  of  this  phe- 
nomenon. Some  are  precipitated  by  lead  acetate,  while  others  re- 
main in  solution.  Fischer  and  Abderhalden  obtained  by  the  tryptic 
digestion  of  casein  a  polypeptid,  which  on  hydrolysis  yielded  alpha- 
pyrrolidin-carboxylic  acid  and  phenylalanin.  These  two  acids  were 
not  found  in  the  free  state,  and  their  absence  has  been  regarded  as 
characteristic  of  tryptic  digestion.  Whether  or  not  erepsin  decom- 
poses this  polypeptid  is  not  yet  known.  It  is  very  probable  that  other 
poly  pep  tids  exist,  temporarily  at  least,  as  transition  products  from 
the  peptones  to  the  amino-acids.  Many  of  them  would  be  destroyed 
by  the  action  of  the  mold,  while  others  would  be  more  resistant. 
Abderhalden*'  found  that  Aspergillus  niger  grows  readily  on  glycyl- 
glycin  and  dileucylglycylglycin,  two  polypeptids  that  are  not  attacked 
by  trypsin.  Winterstein  regards  his  alpha  peptone  as  similar  in  many 
respects  to  Fischer's  polypeptid.  This,  however,  would  seem  im- 
probable, in  view  of  the  fact  that  he  has  demonstrated  phenylalanin 
and  prolin  in  the  cheese.  No  satisfactory  method  has  j^et  been  found 
for  separating  the  polypeptids  as  a  group,  and  the  amount  present  in 
a  cheese  can  only  be  a  matter  of  conjecture.  The  polypeptids  will 
be  made  the  subject  of  future  study  in  this  connection. 

DIAMINOACIDS. 

The  next  group  of  substances  to  be  studied  was  the  diamino-acids, 
or  hexone  bases.  The  three  hexone  bases,  along  with  ammonia,  can 
be  determined  quantitatively,  and  for  that  reason  they  have  received 
more  attention  from  investigators  stud^^ing  the  disintegration  prod- 
ucts of  the  proteins  than  have  the  monoamino-acids.  They  can  be 
expressed  in  definite  figures,  whereas  the  other  disintegration  products 
have  to  be  expressed  in  minimal  values.  They  have  already  been 
found  in  cheese — in  Swiss  cheese  by  Winterstein  and  ThOny,  and  in 
Cheddar  cheese  by  Van  Slj^ke  and  Hart.  Owing  to  the  softer  con- 
sistency of  Camembert  cheese  a  somewhat  different  method  of  pro- 
cedure was  adopted  in  making  the  extraction. 

Three  kilograms  of  the  thoroughly  ripened  cheese  made  at  the 
Storrs  Experiment  Station  were  ground  in  a  mortar  and  extracted  six 
times  with  warm  water,  according  to  the  usual  method  of  analysis, 
until  the  volume  of  the  liquid  was  about  six  liters.  The  greater  part 
of  the  fat  rose  to  the  surface  and  could  easily  be  skimmed  off.  It 
was  washed  by  stirring  thoroughly  with  cold  water  and  the  filtrate 
mixed  with  the  cheese  extract.  The  remainder  of  the  fat  was  found 
to  be  precipitated  almost  quantitatively  with  the  proteins,  and  thus 
the  necessity  of  extracting  the  original  cheese  with  ether  was  obviated. 
The  extract  was  filtered  through  cotton  and  through  asbestos,  then 
acidified  with  sulphuric  acid  and  warmed  until  the  caseoglutin  had 
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settled  out;  whereupon  the  liquid  was  filtered  again.     The  solution 
^WSLS  now  concentrated  at  a  low  temperature  until  the  volume  was 
about    two  liters.     About  three  volumes  of  alcohol  were  added  to 
precipitate  the  greater  part  of  the  caseoses  and  peptones.     After 
filtering  off  this  precipitate  the  alcohol  was  distilled  off  under  dimin- 
ished pressure,  and  tannic  acid  added  to  precipitate  the  rest  of  the 
caseoses  and  peptones.     The  excess  of  tannic  acid  was  removed  by 
lead  acetate  and  the  lead  by  sulphuric  acid.     The  resulting  solution 
still  gave  a  biuret  reaction.     It  contained,  besides  traces  of  second- 
ary   disintegration    products    and    polypeptids,   the    hexone   bases, 
amino-acids,  and  ammonium  salts,  together  with  the  sodium  chlorid 
present  in  the  cheese. 

The  hexone  bases  were  precipitated  by  a  50  per  cent  solution  of 
phosphotungstic  acid  in  the  presence  of  5  per  cent  sulphuric  acid.  A 
large  amount  of  this  reagent  had  to  be  added  before  the  precipitation 
was  complete,  and  a  voluminous  white  precipitate  was  obtained. 
After  standing  several  days  it  was  filtered  off  and  washed  i\'ith  5  per 
cent  sulphuric  acid  containing  a  little  phosphotungstic  acid.  The 
washing  was  a  long  and  tedious  operation.  It  was  found  necessary 
to  remove  the  precipitate  each  time  from  the  funnel  and  grind  it  with 
the  sulphuric  acid  in  a  mortar.  This  was  repeated  until  all  of  the 
sodium  salts  had  been  removed. 

For  the  separation  of  the  bases  KossePs"  older  method  was  used, 
after  removal  of  the  phosphotungstic  and  sulphuric  acids  by  barium 
hydroxid  and  passing  in  a  current  of  air  to  expel  the  ammonia.     The 
excess  of  barium   was  removed   by  carbon   dioxid,   and  mercuric 
chlorid  added    to    precipitate    the    histidin.     This   precipitate  was 
allowed  to  stand  several  days,  then  filtered  and  washed  again.     It 
was  suspended  in  water  and  decomposed  by  hydrogen  sulphid  after 
slightly  acidifying  with  sulphuric  acid.     The  filtrate  from  the  mer- 
curic sulphid  was  boiled  with  charcoal  until  practically  colorless, 
and  precipitated  with  silver  nitrate  and  ammonia.     The  arginin  was 
precipitated  by  saturating  the  solution  with  barium  hydroxid,  and 
adding  silver  nitrate  until  a  drop  of  the  solution  gave  a  brown  color 
on  the  addition  of  silver  nitrate.     The  arginin  silver  was  decomposed 
by  hydrochloric  acid  and  hydrogen  sulphid,  filtered,  boiled  with 
charcoal,  and  evaporated  to  crystallization.     The  filtrate  from  the 
arginin  was  freed  from  barium  and  silver  by  means  of  sulphuric  acid 
and  hydrogen  sulphid,  and  an  alcoholic  solution  of  picric  acid  added. 
The  lysin  picrate  did  not  crystallize  readily,  but  after  several  crystal- 
lizations the  characteristic  yellow  needles  were  obtained.     The  bases 
were  found  in  the  following  amounts:  Histidin,  1.1  grams;  arginin, 
0.6  gram;  and  lysin,  1.9  grams.     Histidin  was  analyzed  in  the  form 
of  the  silver  salt,  arginin  as  the  chlorid,  and  lysin  as  the  picrate.     The 
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free  hLstidin  gave  an  intense  red  color  with  diazobenzenesulphanilic 
acid.     The  analyses  of  the  bases  are  given  below: 

Histidin  silver,  Cf^HjN302Ag2lf20. 
(Beta-imidoazol-alpharamlnopropionir  add. ) 


Ajrgentum. 


Calculated.      Kound. 


55.81  55.00 


I    NItrop»n 10.85  j         10.78 

Arginin  hydrochloride  ('^Hi^N^O^IK'l. 
( Delta-guanidine^pha-amlnovalerianic  acid.) 


I  Calculated. 


Chlorin 10.87 

NltroRi»n 22.00 


Found. 


1«.70    I 
22.50 


Lygin  picrate,  (\H^^N/)..CJ{^Nfi^. 
( Diainlnocaprolc  (U?id. ) 

'  Calculat4»d.      Found. 


L 


Nilroj?i»n IS.flC.  ,  18.60 

Carbon ;i8.40  |         38.53 

HydroRpn 4. 53  ,  4. 64 


The  other  bases  were  present  in  so  small  amount  (about  0.5  gram) 
that  no  attempt  was  made  to  isolate  them.  A  noteworthy  fact  is  that 
arginin,  which  was  not  found  at  all  in  Swdss  cheese,  is  present  here. 
It  is  possible  that  some  of  it  is  further  hydrolj'zed  into  guanidin  and 
aminovalerianic  acid  or  into  urea  and  omithin  (diaminovalerianic 
acid).  The  filtrate  from  the  histidin,  arginin,  and  lysin  had  a  very 
faint  but  characteristic  odor  of  tetramethylenediamin.  This  sub- 
stance would  result  from  the  liberation  of  carbon  dioxid  from 
omithin,  one  of  the  cleavage  products  of  arginin.  It  could  not  have 
been  present,  however,  in  more  than  traces.  An  attempt  was  made 
to  separate  guanidin  in  the  form  of  the  gold  salt,  but  no  crystals  could 
be  obtained.  The  small  amount  of  bases  remaining  in  the  lysin  frac- 
tion indicates  that  the  occurrence  of  secondary  reactions  in  this  group 
is  very  slight. 

MONOAMINO-ACIDS. 

A  complete  separation  of  all  the  amino-acids  remaining  in  solution 
after  removal  of  the  intermediate  disintegration  products  and  hexone 
bases  can  be  accomplished  only  by  Fischer's  method  of  distilling  the 
ethyl  esters  in  vacuo.     This  necessitates  delicate  and  costly  apparatus 
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>vliicH  the  writer  did  not  have  at  his  command.  Certain  of  the  amino- 
acids,  however,  can  be  separated  almost  quantitatively  from  the  mix- 
ture without  resorting  to  the  method  of  esterification.  Amojog  these 
are  glutaminic  acid,  tyrosin,  and  leucin. 

Another  lot  of  cheese  (3  kilograms)  was  treated  in  the  manner 
described  above  to  remove  the  caseoglutin,  caseoses,  and  peptones. 
The  residue  was  evaporated  to  a  small  bulk,  saturated  with  hydro- 
chloric-acid gas,  and  kept  at  zero  for  several  days.     Crystals  were 
deposited  on  the  walls  of  the  flask,  and  a  pulverulent  precipitate  sepa- 
rated out  on  the  bottom.     These  were  found  to  consist  of  glutaminic 
SLcid,  hydrochlorid,  and  sodium  chlorid.     They  were  transferred  to  a 
Buchner  funnel  and  washed  with  concentrated  hydrochloric  acid, 
then  dissolved  in  water.     The  solution  was  neutralized  with  caustic 
soda  and  boiled  with  freshly  precipitated  copper  hydroxid.     A  blue 
precipitate  was  formed.     It  was  filtered  and  washed,  and  then  sus- 
pended in  water  slightly  acidified,  and  decomposed  by  hydrogen  sul- 
phid.     The  free  acid  thus  obtained  was  again  saturated  with  hydro- 
chloric-acid gas  and  allowed  to  crystallize  as  before.     The  colorless 
crystals  thus  obtained  were  decomposed  by  the  calculated  amount  of 
caustic  soda  (30  c.  c.  N-NaOH),  and  the  free  acid  crystalUzed  out. 
About  5  grams  of  crystals  were  obtained.     Analysis  gave  the  follow- 
ing figures: 

(ilutaminic  acid,  C^H^NO^. 
(Amlnoglutaiic  acid.) 


Calculated.     Found. 


Carbon 40.82  '  40.68 

Hydrogen I  6.13  6.15 

Nitrogen !  9.62  i  9.53 


The  filtrate  from  the  glutaminic  acid  was  treated  with  lead  carbon- 
ate to  remove  the  bulk  of  the  hydrochloric  acid,  and  the  lead  remain- 
ing in  solution  was  removed  by  sulphuric  acid.  After  filtering  and 
neutralizing,  the  solution  was  evaporated  to  incipient  crystalUzation. 
The  first  crop  of  crystals  should  contain  tyrosin  and  traces  of  leucin, 
and  the  second  leucin  with  traces  of  tyrosin.  The  two  constituents 
of  each  fraction  were  separated  by  treatment  with  glacial  acetic  acid. 
The  leucin  purified  in  this  way  gave  no  color  with  Millon's  reagent. 
The  tyrosin  was  tested  for  sulphur  by  fusing  a  portion  of  it  with 
sodium  carbonate  and  adding  sodium  nitroprussid  to  the  aqueous 
solution.  No  coloration  was  obtained,  indicating  the  absence  of 
cystin.  About  8  grams  of  tyrosin  and  14  grams  of  leucin  were 
obtained.  It  must  be  borne  in  mind  that  while  the  greater  part  of  the 
glutaminic  acid  and  leucin  can  be  isolated  in  this  way,  the  amounts 
do  not  represent  strictly  quantitative  results,  for  a  further  yield  is 
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invariably  obtained  from  the  higher  boiling  fractions  of  the  ethj'l 
esters.     Following  are  the  analyses  of  the  tyrosin  and  leucin: 

TyrosiUj  CgHnSO^. 
( P-hydroxyphesyl-alpha-aiiiinopropionic  acid.) 


Calculated.     Found. 


,|     Found. 


Carbon i  58.66  59.53 

Hydrogen 6. 07  6. 00 

Nitrogen 7.73  7.60 


J 


( Alpl)araminolaobutyIacetic  acid,  i 


~T 


Found. 

.  Calculated. 

I  First       Second 

crop.         crop. 


Carbon 63.96  64.99  1      64.82 

i    Hydrogi»n 9.92  9.«9  !       9.62 

'    Nitrogen 10.68  10.53         10.76 


L 


I 


The  tyrosin  gave  the  characteristic  color  reactions,  viz,  a  red  color 
and  precipitate  with  Millon's  reagent,  a  bright  red  coloration  with 
diazobenzenesulphanihc  acid,  and  a  yellow  precipitate  of  nitroty- 
rosin  nitrate  with  nitric  acid.  Under  the  microscope  it  showed  the 
characteristic  wavy  needles. 

The  leucin  was  abo  characteristic  under  the  microscope.  Heated 
on  a  platinum  foil  it  subhmed  completely,  emitting  an  odor  hke  that 
of  some  of  the  higher  alkylamins. 

On  further  concentrating  the  filtrate  from  the  leucin,  a  few  needle- 
shaped  crystals  were  obtained  having  a  sour  taste.  They  did  not 
melt  at  225°  C.  Not  enough  of  the  substance  was .  obtained  for 
analysis,  but  it  was  probably  aspartic  acid. 

As  lias  already  been  mentioned,  the  remainder  of  the  amino- 
acids  can  not  be  separated  without  resorting  to  Fischer's  method  of 
distillation.  Phenylalanin  and  tryptophan,  however,  can  be  detected 
qualitatively.  On  evaporating  the  solution  to  dryness  Aid  treating 
the  residue  with  sulphuric  acid  and  potassium  dichromate,  the 
writer  felt  confident  that  he  detected  the  odor  of  phenylacetaldehyde, 
notwithstanding  the  presence  of  other  aldehydes  fonned.by  the  oxida- 
tion with  dichromate.  Tliis  would  indicate  the  presence  of  phenyl- 
alanin, but  from  this  test  alone  it  would  be  impossible  to  say  with 
certainty  whether  phenylalanin  was  really  present  or  not. 

A  striking  fact  is  that  none  of  the  cheeses  examined  responded  to 
the  tryptophan  reaction  with  acetic  acid  and  bromin  water.    Aque- 
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OU8  extracts  of  cheeses  in  all  stages  of  ripening  were  examined,  but 
in  all  cases  they  failed  to  give  any  coloration  with  this  reagent. 
When  the  mold  was  grown  upon  milk  the  tryptophan  reaction  was 
likewise  negative,  although  the  casein  was  broken  down  into  amino- 
acids,  among  which  leucin  and  tyrosin  were  identified.  On  the  other 
hand,  the  enzyme  preparation  from  the  same  mold  readily  digests 
milk  in  the  presence  of  toluol,  and  the  tryptophan  reaction  is  inva^ 
riably  positive.  If  tryptophan  were  liberated  in  the  cheese,  it  might 
undergo  further  decomposition  as  a  result  of  bacterial  action.  In 
this  case  the  end  products  would  be  indol  and  skatol — characteristic 
products  of  putrefaction.  Both  of  these  substances  would  have 
^iven  a  coloration  with  the  tryptophan  reagent,  and  must  therefore 
have  been  absent. 

AMMONIA. 

A  normal  cheese  contains  from  0.20  to  0.25  per  cent  of  ammonia. 
The  greater  part  of  this  is  in  combination  with  acid  radicals,  for  while 
the  ripened  cheese  is  alkaline  to  htmus  it  is  still  acid  to  phenolphtha- 
lein.  Some  of  the  more  highly  flavored  specimens,  however,  have  a 
distinct  odor  of  ammonia  near  the  rind.  The  formation  of  ammonia 
does  not  begin  until  after  the  second  week,  then  the  amount  steadily 
increases  until  the  cheese  is  ripe.  As  long  as  the  ripened  portion 
does  not  extend  more  than  a  few  millimeters  below  the  mycelium  of 
the  mold  no  ammonia,  either  free  or  in  combination,  can  be  detected. 
Cheeses  with  a  very  strong  flavor  contain,  as  a  rule,  more  ammonia 
than  the  milder  ones.  In  cheeses  that  are  overripe  the  presence  of 
free  ammonia  can  usually  be  detected  by  its  odor.  For  the  deter- 
mination of  ammonia,  the  writer  has  found  Folin's  method  more  sat- 
isfactory than  the  regular  method  of  distilling  the  tannin  filtrate  with 
magnesium  oxid.  It  can  be  used  in  the  presence  of  proteins  >\'ithout 
effecting  any  decomposition. 

ABSENCE  OF  PUTREFACTIVE  PRODXTCTS. 

While  the  ripened  cheese  possesses  a  peculiar  odor,  which  to  some 
people  is  quite  disagreeable,  it  does  not  resemble  that  of  the  typical 
putrefactive  products,  nearly  all  of  which  are  characterized  by  a  foul 
odor.  Among  the  substances  belonging  to  this  class  are  indol,  skatol, 
mercaptan,  hydrogen  sulphid,  and  phenols.  Qualitative  tests  were 
made  repeatedly  for  all  of  these  substances  on  difTerent  samples  of 
cheese,  but  in  all  cases  they  were  negative,  except  in'  those  cheeses 
that  had  gone  past  the  usual  ripening.  After  the  ripening  is  complete 
putrefaction  may  set  in  if  the  cheese  does  not  receive  proper  care.  In 
those  cases  where  some  of  the  putrefactive  products  were  found  the 
cheeses  were  otherwise  unfit  for  eating,  as  was  evidenced  by  a  veiy 
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disagreeable  odor  and  taste.  Nearly  all  of  these  3ub8taiic3s  are 
found  in  Lijnburg  cheese,  but  they  do  not  occur  in  good  Camembert 
cheese.  The  failure  to  find  typical  putrefactive  products,  together 
with  the  fact  that  the  lysin  fraction  of  the  diamino-acids  contained 
only  traces  of  dianiins,  indicates  that  whatever  the  action  of  the 
bacteria  in  the  cheese  may  be,  they  do  not  cause  secondary  reactions 
of  this  nature  to  any  extent. 

SUMMARY. 

The  following  substances  have  been  isolated  from  Camembert 
cheese:  Caseoglutin,  protocaseose,  deuterocaseoses  A,  B,  and  C,  alpha 
and  beta  peptones,  histidin,  arginin,  lysin,  glutaminic  acid,  tyrosin, 
and  leucin. 

Among  those  substances  which  the  writer  failed  to  find  are  para- 
nuclein,  tryptophan,  indol,  ekatol,  mercaptan,  hydrogen  sulphid,  and 
phenols. 

The  ripening  of  Camembert  cheese  can  not  be  a  peptic  digestion,  as 
is  shown  by  the  following  facts: 

1.  Paranuclein,  the  characteristic  product  of  peptic  digestion  of 
casein,  is  absent. 

2.  The  greater  part  of  the  phosphorus  is  liberated  and  appears  as 
acid  calcium  phosphate.  According  to  Plimmer  and  Bayliss," 
pepsin  acts  «lowly  and  incompletely,  only  70  per  cent  of  the  phos- 
phorus being  liberated  from  casein  in  149  days,  and  that  mostly  in 
the  organic  form. 

3.  Amino-acids  and  ammonia  are  present  in  considerable  amount. 
The  ripening  resembles  ereptic  digestion  in  many  respects,   as 

follows: 

1 .  The  reaction  of  the  cheese  before  ripening,  i.  e.,  acidity  caused  by 
acid  phosphates,  is  most  favorable  to  the  activity  of  ereptase. 

2.  The  digestion  proceeds  beyond  the  peptone  stage,  with  the  for- 
mation of  amino-acids  and  ammonia. 

3.  A  separate  study  of  the  enzyme  from  the  Camembert  mold 
shows  that  this  enzyme  is  a  vegetable  ereptase. 

The  absence  of  tryptophan,  which  is  ordinarily  liberated  in  ereptic 
digestion,  is  striking. 

The  presence  of  caseoglutin,  the  remarkable  albumose-like  body,  is 
also  noteworthy.  This  substance  has  not,  to  the  writer's  knowledge, 
been  observed  in  digestions  with  pure  enzymes. 
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A  BIOMETRICAL  STUDY  OF  EGG  PRODUCTION  IN  THE 
DOMESTIC  FOWL. 


I.  VARIATION  IN  ANNUAL  EGG  PRODUCTION.- 


INTBODXTCnON. 

In  1898  the  Maine  Agricultural  Experiment  Station  began  the  use 
of  trap  nests  ^  in  connection  with  its  poultry  investigations.  Since 
that  time  such  nests  have  been  used  to  obtain  records  of  the  egg 
production  of  all  hens  kept  by  the  station.  In  consequence  there 
has  now  accumulated  a  remarkable — in  some  respects,  indeed,  a 
unique — collection  of  exact  statistical  data  regarding  the  phenome- 
non of  egg  production  in  certain  breeds  of  the  domestic  fowl.  So  far 
as  we  are  aware  no  other  set  of  records  of  egg  production  exists  which 
compares  with  this  either  in  regard  to  the  number  of  birds  included 
in  the  statistics  or  in  length  of  time  covered  by  continuous  daily 
records.  On  this  accoimt  it  has  seemed  desirable  that  these  statistics 
be  submitted  to  such  thorough  biometrical  analysis  as  their  intrinsic 
value  obviously  warrants.  Hitherto  practically  no  analytical  study 
of  egg  production  statistics  (either  the  present  collection  or  others) 
has  ever  been  made.  The  need  of  such  study,  however,  is  apparent 
if  it  be  considered  that  only  by  analysis  of  comprehensive  statistics 
of  egg  production  can  we  hope  to  reach  a  definite  formulation  of  the 
fundamental  biological  laws  imderlying  the  process  itself.  The  exist- 
ing knowledge  of  egg  production  in  fowls  is  on  much  the  same  plane 
as  that  regarding  milk  production  in  dairy  cattle,  for  example.  In 
both  cases  empirical  methods  have  led  to  a  knowledge  of  how  to 
feed,  care  for,  and,  to  some  extent,  breed  the  animals  in  order  to  get 
a  high  production  of  the  thing  desired.     But  of  the  biological  factors 

<2  Papers  from  the  Biologfical  Laboratory  of  the  Maine  Agricultural  Experiment 
Station,  No.  2. 

b  The  particular  tyi)e  of  trap  nest  used  was  designed  at  this  station  and  has  been 
described  and  figured  in  the  Annual  Report  of  the  Maine  Agricultural  Experiment 
Station  for  1898,  pp.  141-143,  in  various  bulletins  of  the  station  issued  subsequently, 
and  in  Bulletin  90  of  the  Bureau  of  Animal  Industry.  Recently  a  new  and  improved 
trap  nest  has  been  devised  and  has  replaced  the  earlier  form  of  nest  in  the  experi- 
mental work  of  the  station.  For  a  description  of  this  new  nest  see  Bulletin  159  of  the 
Maine  station. 
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concerned  in  improved  egg  production  or  milk  secretion,  and  the 
laws  according  to  which  these  factors  operate,  relatively  little  is 
definitely  known. 

In  the  case  of  the  fowl  the  frequency  of  ovulation  in  a  given  period 
of  time  has  been  enormously  increased  in  the  domesticated  hen  as 
compared  with  the  wild  GaJliM  haiikiva.  It  is  commonly  said  ihftt 
the  great  egg  production  of  present-day  ''improved"  varieties  is  due 
to  the  long-continued  process  of  selection  for  this  quality  or  character- 
istic which  has  been  going  on  since  domestication  of  fowls  began. 
Possibly  this  is  true  in  a  broad  sense,  but  it  does  not  tell  us  anything 
about  the  imderlying  physiological  factors  which  are  the  things  that 
have  been  improved  by  this  selection,  or  even  what  these  factors  are. 
Yet  it  is  about  them  that  we  must  know  if  we  are  to  make  advance 
in  the  direction  of  increasing  egg  production.  Selection  must  be 
directed  with  eveivincreasing  {»«cision  as  it  goes  on  if  improvement 
is  to  continue,  and  to  make  it  more  precise  the  breeder  must  have 
more  detailed  knowledge  regarding  the  thii^  for  which  he  is  select- 
ing, and  how  this  is  inhmted. 

A  point  of  particular  biological  interest  in  connection  with  statistics 
of  egg  production  lies  in  the  relation  which  they  bear  to  statistics  of 
fecundity  and  fertility  in  other  organisms.  In  nearly  all  animals 
other  than  birds  the  only  possible  measure  of  fecundity  is  based  on 
the  number  of  young  produced.  But  the  number  of  young  pro- 
duced depends  not  alone  on  the  mother's  inherent  reproductive 
capacity,  but  also  on  her  opportunities  for  getting  the  ova  she  pro- 
duces fertilized.  Statistics  such  as  those  v^th  which  we  are  h^^ 
dealing  are  statistics  of  ovfdation,  and  they  make  it  possible  to  study 
this  single  phase  of  the  problem  of  fecundity  free  from  disturbii^ 
factors.* 

The  general  purpose  of  this  study  is  to  make  as  thorough  an  analysis 
of  the  phenomenon  of  egg  production  in  the  domestic  fowl  as  may 
be  possible.  The  detailed  statistics  which  we  have  available  are  so 
extensive  and  the  specific  problems  to  be  attacked  are  so  numerous 
that  it  has  seemed  advisable  to  publish  the  results  of  the  investiga- 
tion in  separate  parts.  The  general  topics  which  it  is  tentatively 
proposed  shall  be  disctissed  in  the  several  parts  are  briefly  indicated 
in  the  following  outline: 

I.  Variation  in  egg  production  based  on  the  study  of  the  reccnrds 
of  annual  production.     (The  present  paper.) 

U.  The  egg  production  in  the  several  months  of  the  year  and  the 
relation  of  monthly  to  total  annual  egg  production.  This  portion  of 
the  investigation  has  as  its  aim  the  ''dissection"  of  the  gross  annual 
curves  of  variation  in  egg  production. 

a  For  a  more  detailed  discussion  of  this  point  see  Maine  Agricultural  Station  Bul- 
letin 166. 
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III.  The  effect  of  enviroiimeiital  influeDow  on  egg  production. 

IV.  The  nlation  of  certain  internAl  factors  to  egg  production. 

V.  General  summary  and  discussion  of  the  results  of  the  investigsr 
tion. 

The  present  paper  (Part  I)  is  in  the  first  instance  a  necessary  pre- 
liminary to  those  which  are  to  follow.  Its  main  purpose  is,  in  a 
sense,  to  define  the  problems  with  which  the  subsequent  parts  of  the 
-work  have  to  do.  In  it  are  set  forth  the  facts  regarding  variation 
in  first-year  egg  production.*  These  facts  we  shall  attempt  to  analyze 
in  later  portions  of  the  work.  The  subject  of  variation  in  first^year 
egg  production  has,  however,  a  numbo'  of  features  of  interest  on  its 
own  account,  and  presents  certain  problems  which  can  be  answered 
without  treating  the  more  detailed  statistics.  First  in  importance  is 
to  learn  definitely  what  the  characteristics  of  variation  in  egg  produc- 
tion in  the  individual  are.  To  what  kind  of  variation  curves  do 
statistics  of  ovulation  lead)  What  are  the  biometrieal  constants  of 
such  curves?  How  does  variation  in  annual  egg  producti<m  resemble 
or  differ  from  variation  in  other  characters,  and  in  particular  varia- 
tion in  fertility  and  fecundity!  How  are  the  variation  constants  for 
first-year  production  affected  by  environmental  influences  t  In  what 
way  and  to  what  extent  has  annual  egg  production  been  influenced 
by  sdective  breeding?  What  relation  exists  between  first-year  and 
second-year  production?  These  are  some  of  the  specific  problems 
which  will  be  considered  in  the  paper. 

KATB&rAX. 

Before  undertaking  a  detailed  account  of  the  group  statistics  it 
will  be  well  to  make  some  statement  regarding  the  homogeneity — 
from  the  biological  standpoint — of  the  material  from  which  these 
records  have  been  obtained.  As  has  been  stated  in  publications  of 
the  Maine  Agricultural  Experiment  Station,  there  has  been  conducted 
at  this  station  during  the  last  nine  years  an  investigation  und^  the 
direction  of  the  late  Prof.  Gilbert  M.  Gowell  on  the  subject  of  breed- 
ing hens  for  increased  egg  production.  The  statistical  material  with 
which  the  present  pap^  has  to  do  comprises  the  egg  records  obtained 
in  the  course  of  this  breeding  investigation.  It  will  not  be  necessary 
to  state  here  in  detail  the  plan  of  this  breeding  work,  since  that  has 
already  be^i  thoroughly  done  in  Bulletin  90  of  the  Bureau  of  Animal 
Industry.  In  that  bull^in  (pp.  7-15)  is  given  a  detailed  account  of 
the  methods  used  in  this  breeding  work  up  to  the  year  1906.  A  gen- 
eral statement  regarding  this  work  will  suffice  for  our  present  purpose. 

a  The  term  **fiiBt-year  egg  production''  will  be  uaed  throiighout  as  a  convenient 
verbal  contraction. in  the  place  of  ''the  number  of  eggs  produced  1;>y  pullets  in  the 
year  beshming  ^e  first  day  of  the  November  f<^lowing  their  hatching  and  ending  a 
year  ftom  that  date." 
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At  the  beginning  of  the  experiment  in  1898  three  breeds  of  hens  were 
used:  (1)  A  strain  of  Barred  Plymouth  Rocks  which  had  been  bred 
by  Professor  Gowell  for  a  period  of  some  twenty-five  years;  (2)  a 
strain  of  White  Wyandottes  which  had  been  bred  at  the  station  for 
some  years;  and  (3)  a  strain  of  Light  Brahmas  which  similarly  had 
been  bred  for  some  time  at  the  station. 

All  the  birds  in  hand  at  the  beginning  of  the  breeding  experiment 
in  1898  were  purebred  in  the  ordinary  sense  and  had  for  some  years 
been  bred  by  the  same  person — Professor  Gowell.  This  insures  that 
in  regard  to  racial  purity  they  form  material  which  is,  from  a  bio- 
logical standpoint,  very  homogeneous.  This  is  particularly  true  of 
the  Barred  Plymouth  Rocks,  which  furnish  the  bulk  of  the  statis- 
tical material  with  which  the  present  investigation  has  to  do.  After 
October,  1902,  no  variety  other  than  the  Barred  Plymouth  Rock 
was  used  in  the  egg-production  work.  The  White  Wyandottes  were 
used  from  1898  to  1902,  and  egg  records  for  them  between  these 
dates  are  available  for  study.  On  account  of  the  small  number  of 
Light  BraJHDas  available,  together  with  the  fact  that  they  were 
dropped  eaaiy  in  the  course  of  the  breeding  experiment,  they  have 
not  been  included  in  the  present  investigation. 

In  breeding  the  birds  from  1898  down  to  the  present  time  the 
practice  as  stated  in  the  published  reports  of  the  work  has  been  to 
use  each  year,  as  mothers  of  the  stock  produced  in  that  year,  only 
hens  which  have,  between  November  1  of  the  year  in  which  they 
were  hatched  and  November  1  of  the  next  following  year,  laid  160 
.or  more  eggs.  The  fathers  of  all  stock  raised  since  the  breeding 
season  of  1900  have  been  the  sons  of  mothers  whose  production  in 
their  first  laying  year  was  200  eggs  or  over.  It  will  be  seen  again 
that  this  breeding  practice  has  been  such  as  to  lead  to  great  homo- 
geneity of  the  statistical  material  from  a  biological  standpoint.  It 
is  stated,  however,  that  except  in  the  first  years  of  the  breeding  there 
has  been  no  "close"  inbreeding.  No  birds  as  closely  related  as  first 
cousins  are  said  to  have  been  bred  together  since  the  first  year  of  the 
breeding  experiment. 

The  nature  of  the  statistical  records  with  which  the  present  paper 
deals  is  briefly  as  follows:  The  first  laying  year  of  a  hen  has  been 
arbitrarily  taken  to  be  from  November  1  of  the  year  in  which  she  is 
hatched  to  November  1  of  the  following  year.  The  "first  year's  egg 
record''  of  a  hen,  then,  consists  of  the  trap-nest  record  of  the  total 
number  of  eggs  produced  by  that  hen  within  such  a  year.  Such 
"first-year"  records  constitute  the  basic  material  for  Part  I  of  this 
study. 

Some  important  questions  suggest  themselves  here.  Has  the 
"first-year"  egg  production  any  particular  biological  significance  as 
compared  with  the  egg  production  in  any  other  (shorter  or  longer} 
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period  in  the  life  of  the  bird?  To  what  extent  is  there  justification 
for  taking  first-year  production  as  a  measure  of  what  might  be  called 
the  total  ability  of  a  bird  to  produce  eggs  ?  In  other  words,  why  is 
ctnnual  egg  production  taken  as  the  unit  of  the  study  of  variation  in 
this  character?  The  answer  to  the  last  question  is  simplest:  We  are 
xising  annual  production  because  it  is  the  longest  time  unit  for  variation 
in  egg  production  for  which  we  have  any  extensive  data  available. 
A  larger  unit  might,  on  some  grounds,  be  desirable,  but  in  such  case 
as  this  the  biometrician  can  only  take  the  data  as  he  finds  them. 
It  is  obvious  that  the  egg  production  in  the  first  year  can  not  be 
taken  as  a  precise  measure  of  the  total  number  of  eggs  which  hens 
would  produce  if  allowed  to  live  until  natural  death  occurred. 
Whether  it  is  a  good  measure  or  not  depends  on  the  degree  to  which 
first-year  production  is  correlated  with  this  unknown  total  possible 
production.  No  data  exist  from  which  this  correlation  can  be  pre- 
cisely determined,  but  there  are  reasons  to  believe  that  if  it  could  be 
evaluated  it  would  be  found  to  have  a  fairly  high  value.  The  chief 
of  these  reasons  lies  in  the  fact  that  in  the  domesticated  fowl  the 
average  egg  production  of  the  first  year  is  never  equaled  in  any  sub- 
sequent year,  though  with  individual  birds  this  relation  may  be 
changed.  Thus,  it  is  shown  on  page  65  that  the  main  production 
of  66  birds  in  their  second  laying  year  was  but  61.7  p«r  cent  of  that 
in  their  first  year.  That  the  average  production  falls  oflf  further  in 
the  third  and  subsequent  years  is  known  to  be  a  fact.  In  other 
words,  the  first-year  production,  on  the  average,  makes  up  a  very 
considerably  larger  part  of  the  unknown  total  production  than  does 
that  of  any  other  equal  period  of  time.  Hence  we  should  expect  it 
to  be  most  highly  correlated  with  that  total. 

The  general  conclusion  which  we  have  reached  after  careful  con- 
sideration of  the  matter  is  that  first-year  production  is  to  be  regarded 
from  the  theoretical  standpoint  as  a  good  measure  of  total  possible 
production.  It  is  a  sufficiently  large  unit  to  include  the  influence  of 
seasonal  climatic  changes,  as  well  as  those  influences  dependent  on 
cyclical  organic  changes,  such  as,  for  example,  original  mating  sea- 
son, time  of  molting,  and  the  like.  From  the  practical  standpoint 
first-year  production  is,  for  obvious  reasons,  in  some  respects  the 
best  unit  which  could  be  taken.  It  is  highly  desirable,  however, 
that  definite  trap-nest  records  be  obtained  in  considerable  numbers 
for  the  egg  production  of  the  same  birds  during  their  entire  lifetime 
or  at  least  until  they  cease  entirely  to  produce  eggs.  It  is  hoped 
that  in  time  it  will  be  possible  to  accumulate  such  records  at  the 
Maine  station. 

Another  point  to  be  noted  is  that  the  use  of  the  term  "first-year 
egg  production''  for  the  November-to-November  laying  is,  in  a 
sense,  entirely  arbitrary.     Pullets  very  often  begin  to  lay  before 
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November  1  of  the  year  in  which  they  are  hatched.  Agaiii;  many 
puUets  do  not  begin  to  lay  until  in  December  or  later.  They  will 
not  have  laid  a  full  year  at  the  end  of  the  following  October.  It  is 
manifestly  impossible  to  deal  on  any  extensive  scale  with  the  actual 
first  twelve  months'  e^  production  of  each  individual  hen.  One 
feasible  procedure  is  to  do  as  was  done  in  this  breeding  investigation, 
namely,  to  take  a  calendar  year  as  the  imit  of  record,  and  choose 
the  beginning  of  the  year  at  a  point  which  about  averages  the  vary- 
ing times  of  beginning  egg  production  in  the  different  individuab  of 
the  flock. 

In  extracting  the  egg  records  from  the  original  record  books  certain 
complications  arise  which,  for  the  sake  of  uniformity  in  the  statistical 
treatment,  we  have  had  to  decide  in  an  arbitrary  fashion.  In  the 
first  place,  it  will  always  happen,  of  course,  that  death  will  prevent 
the  completion  of  the  ''first  laying  year''  by  some  of  the  bir<k  whidi 
begin  it.  What  shall  be  done  with  such  records  made  incomplete  by 
death?  After  careful  study  of  the  point  it  has  been  decided  to  omit 
entirely  from  oor  statistical  treatment  all  records  known  to  have 
been  made  incomplete  by  death.  This  is  clearly  the  most  logical 
method  of  dealing  with  such  incomplete  records  which  can  consist^ 
ently  be  applied.  The  same  treatment  has  been  given  to  the  incom- 
plete records  of  birds  which  were  stolen  during  their  first  year.  In 
the  earlier  years  of  the  wo^  it  several  times  happened  (liat  birds 
were  stolen  after  having  completed  only  a  part  of  the  first  year's 
record.  All  the  records  for  stolen  birds  have  been  excluded  from 
our  statistics. 

Another  difficulty,  and  one  in  a  sense  more  serious  than  either  of 
those  just  mentioned,  arises  from  the  fact  that  hens  do  not  invariably 
lay  in  the  trap  nests.  It  occasionally  happens  that  birds  will  lay  on 
the  floor  of  the  pen.  Of  course  it  then  becomes  impossible  to  con- 
nect the  egg  with  the  bird  which  laid  it.  When  the  study  of  these 
records  was  first  undertaken  it  was  for  a  time  thought  that  this  dif- 
ficulty was  a  very  serious  one,  and  one  which  could  not  properly  be 
allowed  for  in  treating  the  data.  Further  study  of  the  matter,  how- 
ever, led  to  the  conclusion  that  this  was  not  the  case.  In  order 
that  any  conclusion  regarding  individual  variation  in  egg  produc- 
tion, or  regarding  the  comparative  production  of  flocks  in  different 
yeigrs  or  imder  different  housing  conditions,  should  be  affected  by  the 
existence  of  unrecorded  eggs  laid  on  the  floor,  two  conditions  are 
necessary:  (1)  That  the  tendency  to  lay  on  the  floor  be  not  dis- 
tributed at  random  (in  the  technical  sense)  among  all  the  birds,  and 
(2)  that  the  total  absolute  amount  of  "floor"  egg  production  should 
vary  widely  from  year  to  year  and  in  different  pens.  Are  these  con- 
ditions realised,  as  a  matter  of  fact?  We  may  discuss  the  two 
separately. 
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If  it  were  a  regular,  constant,  and  undetected  habit  of  some  par- 
ticular birds  to  lay  outside  the  trap  nests,  and  such  birds  formed 
a  considerable  portion  of  the  flock,  we  could  obviously  draw  no  con- 
elusions  from  trap-nest  records.  Such,  however,  appears  not  to  be 
the  case.  Those  who  have  had  the  birds  in  charge  inform  us  that 
it  has  always  been  possible  without  any  great  difficulty  to  learn 
when  a  particular  hen  was  beginning  to  form  the  habit  of  laying  on 
the  floor.  Such  hens  when  detected  were  trained,  usually  with  com- 
parative ease,  to  lay  in  the  nests.  A  hen  was  never  allowed  to 
continue  the  floor-laying  habit.  All  the  available  evidence  and  our 
own  observations  have  convinced  us  that,  could  we  know  the  birds 
that  lay  eggs  outside  the  nests  we  should  find  them  to  be  a  random 
sample  of  the  flock.  That  is  to  say,  any  bird  is  as  likely  as  any  other 
to  lay  an  egg  on  the  floor  instead  of  in  a  trap  nest.  This  being  the 
case,  the  fact  that  there  are  eggs  produced  outside  the  nests  will 
obviously  not  affect  any  conclusions  respecting  individual  variation  in 
^g  production,  if,  as  is  the  case,  we  deal  with  relatively  large  numbers 
of  individuals. 

Has  the  total  number  of  eggs  laid  outside  nests  varied  widely  at 
different  times  during  the  period  covered  by  the  investigation,  or  has 
it  been  relatively  constant?  All  the  evidence  that  we  have  indicates 
that  it  has  been  relatively  constant.  Unfortunately,  there  exist  no 
precise  data  on  this  point  except  for  a  single  year  (1904-5)  out  of  the 
whole  period  covered  by  the  statistics.  We  are  informed  by  Mr. 
Walter  Anderson,  who  has  had  immediate  charge  of  the  trap-nest 
records,  that  (a)  the  absolute  amount  of  "floor"  egg  production 
has  always  been  small,  and  (b)  that  in  relation  to  the  total  num- 
ber of  eggs  produced  at  any  time  the  number  laid  on  the  floor  has 
always  been  proportionately  about  the  same.  This  means  that  fig- 
ures for  egg  production  based  on  the  trap-nest  records  are  abso- 
lutely a  little  too  small  in  every  case,  but  relatively  are  unaffected. 
It  is  relative  figures  with  which  we  are  chiefly  concerned.  It  will 
obviously  make  no  difference  in  our  conclusions  as  to  the  comparative 
egg  production  of  two  years,  say,  if  before  making  the  comparison  we 
add  2  per  cent  to  the  egg  record  for  each  year  to  cover  the  eggs  laid  on 
the  floor. 

The  general  conclusion,  then,  is  that  so  far  as  the  objects  of  the 
present  investigation  are  concerned  the  imrecorded  "floor''  egg 
production  is  of  no  practical  consequence.  In  the  future  poultry 
work  of  the  Maine  station  an  exact  record  will  be  kept  of  the  eggs 
laid  outside  the  nests. 

It  has  further  been  decided  to  exclude  from  the  statistical  analysis 
the  very  few  birds  which,  in  the  course  of  the  trap-nesting  experience 
of  the  station,  have  apparently  laid  no  eggs  at  all  in  their  first  year. 
The  number  of  such  birds  is  so  small  (probably  not  10  in  the  whole 
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experience  of  the  station)  that  it  makes  no  significant  difference  in  the 
statistical  constants  whether  they  are  included  or  not.  The  specific 
reason  for  excluding  such  birds  lies  in  an  element  of  uncertainty  in 
respect  to  the  early  records  regarding  them.  That  is,  it  is  not  pos- 
sible now  to  be  certain,  in  each  of  the  cases  where  a  bird  has  no 
record,  whether  the  absence  of  record  is  due  to  the  fact  that  she 
laid  no  eggs  or  to  some  other  cause. 

With  this  account  of  the  general  features  of  the  statistics  in  hand, 
we  may  pass  to  the  consideration  of  the  records  for  particular  years. 
We  have  decided  to  begin  our  discussion  of  the  records  with  the  data 
for  the  laying  year  1899-1900;  that  is,  with  the  records  for  birds 
hatched  in  April  and  May  of.  the  year  1899.  The  raw  statistical  data 
for  this  year  have  already  been  published.^  They  include  records 
for  the  complete  year  (November  1,  1899,  to  November  1,  1900)  for 
70  Barred  Plymouth  Rocks  and  for  the  same  number  of  White 
Wyandottes.  An  account  of  the  housing  and  treatment  of  the  birds 
for  this  year  is  given  in  the  bulletin  just  referred  to  (pp.  31  and  32). 
So  far  as  appears  from  the  records,  this  laying  year  was  in  all  respects 
a  normal  one.  No  serious  accident  or  change  of  methods  and  manage- 
ment interfered  in  any  way  with  the  normal  course  of  egg  production. 

The  records  for  the  laying  year  1900-1901,  that  is,  for  birds  hatched 
in  April  and  May,  1900,  have  also  been  published.''  Oomplete 
records  for  this  laying  year  are  available  for  85  Barred  Plymouth 
Rocks  and  72  White  Wyandottes.  So  far  as  may  be  judged  from  the 
records  themselves  and  from  the  statements  in  Bulletin  79  (pp.  36 
and  40)  this  may  be  considered  to  have  been  a  normal  laying  year. 

The  egg  records  for  the  laying  year  1901-2  have  been  published. "" 
On  account  of  lack  of  space  relatively  few  pullets  were  carried  over 
that  winter.  Complete  records  are  available  for  but  48  Barred 
Plymouth  Rocks  and  33  White  Wyandottes.  The  Barred  Plymouth 
Rocks  of  that  year  were  the  first  pullets  sired  by  males  bred  from 
200-egg-producing  mothers  to  be  tested  in  the  trap  nests.  So  far  as 
we  know  this  was  a  normal  laying  year. 

The  records  for  the  years  1902-3  to  1906-7,  inclusive,  have  never 
been  published  and  were  extracted  by  the  authors  of  this  paper  from 
the  original  egg-record  books  in  the  archives  of  the  station.  In  the 
year  1902-3,  147  of  the  Barred  Plymouth  Rock  pullets  tested  in  the 
trap  nests  completed  first-year  records.  The  egg  production  during 
this  year  can  not  be  regarded  as  normal.  The  reason  for  this  has 
been  set  forth  by  Professor  GowelM  as  follows: 

The  pulleta  were  hatched  in  April  and  May,  and  thinking  to  have  them  mostly  in 
readiness  for  laying  early  in  November,  we  fed  them  rather  more  beef  scrap  than  usual 

o  Maine  Agricultural  Experiment  Station  Bulletin  79,  pp.  33-36.     1902. 
6Loc.  cit.,  pp.  37-40. 

<•  Maine  Agricultural  Experiment  Station  Bulletin  93,  pp.  72,  73.     1903. 
<<  Maine  Agricultural  Experiment  Station  Bulletin  117,  p.  96.     1905. 
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during  the  growing  seaaon,  wMie  they  were  out  on  the  nnge,  and  before  we  were  aware 
of  their  development  they  were  laying— in  August.  They  were  neariy  all  laying 
heavily  during  September,  October,  and  November.  They  were  splendid  birds,  but 
almost  every  one  of  them  molted  completely  in  December,  and  we  got  very  few  eggs 
from  them  for  more  than  two  months.  The  most  of  the  eggs  secured  from  them  were 
laid  after  the  middle  of  January.  Could  they  have  commenced  laying  in  October 
and  continued  for  a  year,  molting  would  probably  have  been  avoided  and  the  showing 
would  have  been  much  better. 

In  the  year  1903-4,  300  Barred  Hymouth  Rock  pullets  were  tested 
in  the  trap  nests.  Of  these  254  completed  the  first-year  record  and 
appear  in  the  statistics  of  the  present  paper.  The  egg  production  of 
this  year  again  can  not  be  regarded  as  normal,  for  a  reason  which  has 
been  discussed  by  Professor  Gowell  Qoc.  cit.).  Owing  to  a  difficulty 
in  the  construction  of  a  new  house,  the  birds  were  not  moved  in  from 
the  range  so  as  to  begin  their  laying  until  December  6.  Hence  the 
records  for  1903-4  as  they  appear  in  the  statistics  of  the  present  paper 
are  really  eleven-month  records  instead  of  twelve-month  records. 
They  lack  the  potential  contribution  of  the  month  of  November,  1903i 
to  the  totals. 

At  the  beginning  of  the  laying  year  1904-6  an  experiment  on  the 
relation  of  the  amount  of  floor  space  per  bird  to  egg  production  was 
started.  In  carrying  out  this  experiment  the  birds  were  divided  into 
flocks  of  50,  100,  and  150  birds  each.  These  were  put  into  pens  with 
floor  space  such  that  in  the  pens  containing  50  and  100  birds  there  was 
4.8  square  feet  of  floor  space  per  bird  and  in  the  150-bird  pens  3.2 
square  feet  of  floor  space  per  bird.  There  were  six  50-bird  pens,  and 
of  the  300  birds  which  started  the  year  in  these  pens  283  made  com- 
plete records  and  appear  in  our  statistics.  There  was  one  100-bird 
pen,  and  92  of  these  birds  completed  the  year's  record  and  appear  in 
the  present  statistics.  There  was  one  150-bird  pen,  and  140  of  these 
birds  completed  the  year's  record  and  appear  in  the  statistics.  The 
records  for  this  year  are  to  be  regarded  as  normal. 

In  the  laying  year  of  1905-6  the  birds  tested  in  the  trap  nests  were 
again  divided  into  flocks  of  50,  100,  and  150  birds  each.  There  were 
four  of  the  50-bird  pens,  and  of  these  200  birds  178  made  complete 
records  for  the  whole  year  and  appear  in  the  statistics  of  the  present 
paper.  There  were  two  lOO-bird  pens,  and  182  of  these  birds  com- 
pleted the  year.  There  were  also  two  150-bird  pens,  and  275  out  of 
the  300  birds  completed  the  year.  The  laying  year  of  1905-6  was  in 
nearly  every  respect  a  normal  one.  The  only  extraordinary  factor 
which  came  in  to  interfere  with  the  egg  production  dxuing  this  year 
was  a  short  period  of  sickness  among  the  birds  caused  by  the  too 
free  use  of  succulent  feed.  The  details  of  this  mishap  have  been 
stated  by  Professor  Gowell «  and  need  not  be  repeated  here.    The 

<*  Maine  Agricultural  Experiment  Station  Bulletin  144,  p.  184.    1907. 
7620S— Bull.  110,  pt  1--09 2 
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trouble  occurred  in  April,  1906,  and  its  effect  on  the  egg  yield  is 
stated  to  have  been  as  follows:  "The  egg  yields  were  about  60  per 
cent  of  the  number  of  birds  just  before  the  trouble  began,  but  they 
were  reduced  to  less  than  10  per  cent,  and  it  was  about  twenty  days 
before  the  birds  regained  their  former  production."  This  factor 
reduces  the  egg  yields  for  the  months  of  April  and  May  of  this  year. 
The  precise  amount  of  this  reduction  would  appear  from  the  statistics 
not  to  be  so  great  as  is  implied  in  the  statement  quoted.  This  will 
be  more  fully  discussed  in  Part  II  of  this  study,  which  will  deal  par- 
ticularly with  monthly  egg  production. 

In  the  laying  year  1906-7  the  experiments  with  flocks  of  different 
sizes  were  continued.  We  have  records  for  this  year  of  four  50-bird 
pens,  two  100-bird  pens,  and  two  150-bird  pens.  Of  the  200  birds 
in  the  50-bird  pens  187  completed  the  year;  of  those  in  the  100-bird 
pens  185  completed  the  year;  and,  finally,  of  the  300  in  the  two 
150-bird  pens  281  have  complete  records  for  the  year.  In  the  early 
part  of  this  laying  year  (December)  a  serious  mishap  occurred 
which  considerably  lowered  the  egg  yields  for  this  and  the  succeeding 
month.     The  matter  is  thus  described  by  Professor  Gowell:* 

Laat  December  the  rooets  and  walls  of  the  roosting  closets  in  all  of  the  rooms  but 
one  were  sprayed  with  two  different  brands  of  liquid  lice  killers  which  were  war- 
ranted by  their  makers  to  destroy  all  the  lice  on  fowl  by  the  fumes  penetrating  among 
the  feathers  to  the  skins  of  the  birds.  The  preparations  were  used  according  to  direc- 
tions. The  roosts  and  woodwork  near  them  were  sprayed  in  the  morning  and  left  to 
dry  until  the  birds  went  to  roost.  But  the  sprayed  paint  was  not  fully  dry  at  that 
time»  although  it  was  thinned  by  heating  before  applying  it.  The  curtains  of  the 
roosting  closets  were  shut  down  at  bedtime  as  usual  and  both  ventilators,  each  of 
which  are  3  feet  long  and  6  inches  wide,  were  left  wide  open.  Next  morning  it  was 
very  evident  from  the  appearance  of  the  birds  that  they  had  not  enjoyed  the  night. 
They  ate  but  little  food  during  that  and  the  succeeding  three  or  four  days  and  did 
not  have  their  usual  appetites  for  nine  or  ten  days.  The  700  birds  were  laying  over 
300  eggs  per  day  before  the  trouble,  but  they  laid  less  than  100  per  day  during  the 
following  week,  and  did  not  lay  as  many  as  before  until  twenty-four  days  had  elapsed. 

Many  of  them  molted  partially,  or  quite  fully,  and  these  did  not  lay  much  for  six 
or  seven  weeks.  It  is  not  thought  that  any  birds  died  from  the  accident.  Probably 
we  were  at  fault  in  using  the  stuff  in  winter  when  it  did  not  thoroughly  dry  out,  as 
it  might  have  done  in  a  long,  warm  summer  day.  One  pen  at  the  end  of  the  building 
was  not  sprayed,  but  the  air  in  that  room  was  loaded  with  the  odor  from  the  rest  of 
the  building,  which  easily  found  its  way  in  around  the  loosely  fitting  door.  The 
birds  in  that  room  fell  off  in  their  egg  yields  for  several  days,  but  none  of  them  molted. 
Many  of  the  birds  in  the  sprayed  rooms  refused  to  go  to  roost  in  the  closets  again  for 
several  nights,  until  the  odor  had  laigely  disappeared,  while  those  in  the  unsprayed 
room  went  into  their  bedroom  as  usual. 

The  precise  effect  of  this  disturbance  on  the  egg  yields  will  be  shown 
later  in  a  discussion  of  the  monthly  production. 

aLoc.  cit.,  p.  185. 


Digitized  by  V3OOQ IC 


STUDY  OF  EGG  PRODUCTION  IN  THE  DOMESTIC  FOWL.  19 

Another  point  which  should  be  noted  regarding  the  records  for 
1906—7  is  that  they  comprise  the  records  for  eleven  months  instead 
of  a  full  year.  The  records  were  discontinued  at  the  end  of  Sep- 
tember; 1907,  October  of  that  year  being  entirely  omitted. 

From  the  account  of  the  statistics  of  the  several  years  included  in 
this  investigation  it  is  evident  that  as  they  stand  the  data  for  any 
one  year  are  probably  not  strictly  comparable  with  those  for  any 
other  year.  Certainly  this  is  true  in  the  later  years  covered  by  the 
material.  The  statistics  for  each  year  must  be  treated  separately, 
and  whenever  comparisons  between  years  are  instituted  great  caution 
must  be  exercised  in  drawing  conclusions.  It  will  obviously  be 
necessary  in  some  cases  to  apply  corrective  factors  before  any  com- 
parisons whatever  can  be  made.  The  authors  are  aware  that  this 
fact  constitutes  the  principal  point  at  which  these  statistics  are  open 
to  criticism,  and  that  it  is  a  serious  defect.  It  should  be  remembered, 
however,  when  such  a  criticism  of  data  like  these  is  made,  that  the 
practical  difficulties  of  keeping  relatively  constant  the  environmental 
conditions  under  which  so  many  as  a  thousand  laying  hens  are  kept 
are  very  great.  Especially  is  this  true  when  the  time  unit  of  the 
experiments  is  twelve  months.  In  nearly  every  case  the  factors 
which  have  come  in  to  disturb  the  records  of  annual  egg  production, 
as  noted  above,  are  things  which  could  not  have  been  foreseen  and 
avoided.  They  were  accidents  in  the  strict  sense.  It  will  be  appar- 
ent in  the  later  portions  of  the  paper  that  in  spite  of  these  accidents 
in  the  several  years  the  constants  of  the  variation  curves  of  ^g  pro- 
duction are  very  closely  similar  throughout  the  period  covered  by 
the  statistics.  In  other  words,  the  effect  of  these  accidents  has  been 
decidedly  more  on  the  centering  constants  like  the  mean  and  the 
mode  than  upon  the  constants  which  have  to  do  with  the  shape  of 
the  curve,  such  as,  for  example,  the  standard  deviation  and  the 
skewness.  On  the  whole,  we  believe  that  the  data  which  we  have, 
in  spite  of  their  shortcomings,  give  us  a  very  fair  picture  of  the  true 
state  of  affairs  relative  to  variation  in  annual  egg  production.  When 
we  come  to  the  detailed  monthly  and  daily  statistics,  which  will  be 
considered  in  the  parts  of  the  bulletin  following  the  present  one, 
these  factors,  which  to  a  certain  extent  vitiate  annual  statistics, 
will  be  very  much  less  serious,  because  in  every  case  the  accident  has 
been  confined  to  but  a  single  month  or  at  most  two  or  three  months. 
In  discussing  the  variation  in  egg  production  we  shall  consider  the 
statistics  for  the  Plymouth  Rocks  first  and  base  the  major  portion 
of  the  discussion  upon  them.  The  records  for  the  White  Wyan- 
dottes  will  be  taken  up  farther  on  in  a  separate  section  of  the  paper. 
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STATISTICAIi  MSTHODS  USED. 

In  dealing  with  these  egg-record  statistics  obviously  the  first 
thing  to  be  done  is  to  get  the  data  in  the  form  of  frequency  distribu- 
tions.  We  have  done  this  for  each  year's  records  of  each  set  of  pens 
(50,  100,  and  150  birds)  without  grouping  data  in  any  way.  Ttese 
ungrouped  frequency  distributions,  which  form  the  basic  raw  material 
of  the  first  part  of  this  study,  are  given  in  detail  in  Appendix  I, 
Tables  I,  II,  and  III.  A  glance  at  these  distributions  will  indicate  at 
once  that  the  range  of  variation  in  egg  production  is  very  considerable. 
It  is  so  grep.t,  in  fact,  as  to  make  analytical  treatment  necessary  if 
we  are  to  form  any  adequate  idea  of  variation  in  this  character. 

In  this  investigation  we  have  made  use  of  the  ordinary  methods 
of  biometrical  analysis.  Summary  accounts  of  these  methods  have 
been  given  by  Elderton,*  C.  B.  Davenport,^  and  E.  Davenport.*  For 
more  detailed  accounts  the  reader  is  referred  to  the  memoirs  of 
Pearson  on  the  subject  which  have  appeared  in  (a)  the  Philosophical 
Transactions  of  the  Royal  Society  during  the  period  from  1895  to 
1905;  (b)  Biometrika;  and  (c)  the  Draper's  Company  Research 
Memoirs  of  the  Department  of  Applied  Mathematics  of  University 
College,  London.  In  view  of  the  existence  of  the  treatises  referred 
to  it  will  not  be  necessary  here  to  go  into  a  general  account  of  bio- 
metrical methods.  It  is,  however,  desirable  to  call  attention  to 
certain  specific  modes  of  treating  these  egg-production  statistics 
which  we  have  adopted. 

The  problem  of  grouping  the  material  may  be  first  considered. 
From  the  extent  of  the  range  it  is  obviously  necessary  that  some 
grouping  be  resorted  to  in  order  to  get  a  smooth  frequency  distri- 
bution covering  the  whole  range  of  variation  in  annual  egg  produc- 
tion (more  than  200  eggs).  If  the  data  were  not  grouped  it  would 
be  necessary  to  have  records  of  very  many  individuals,  probably 
hundreds  of  thousands.  With  the  smaller  numbers  which  practical 
considerations  make  the  only  possible  ones,  it  is  clearly  necessary 
that  the  data  be  grouped.  When  grouping  such  data  the  usual  rule 
followed  in  biometrical  work  is  to  make  as  many  classes  as  will  give 
a  fairly  smooth  distribution  without  too  many  classes  having  zero 
frequency.  Obviously  if  the  class  units  are  suflSciently  large  all 
frequency  distributions  will  be  reduced  to  very  much  the  same  form. 
Only  experience  can  decide  what  is  the  most  appropriate  value  to 
take  for  the  class  unit  in  any  specific  case.  After  studying  all  the 
data  on  variation  in  egg  production  we  have  come  to  the  conclu- 

«Eldertoii,  W.  P.  Frequency  Curves  and  Correlation.  London,  1907.  Pp.  xiii 
and  172. 

b  Davenport,  C.  B.  Statistical  Methods  with  Special  Reference  to  Biological 
Variation.    Second  edition.    New  York,  1904.    Pp.  viii  and  223. 

c  Davenport,  E.    The  Principles  of  Breeding.    Boston,  1907.    Pp.  xiii  and  727. 
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sion  that  a  class  unit  of  15  eggs  is  probably  as  satisfactory  as  any 
which  could  be  taken.  In  adopting  this  unit  we  have  set  the  class 
limits  at  the  same  points  in  the  case  of  each  distribution;  that  is  to 
say,  the  first  class  includes  birds  laying  from  0  to  14  ^gs  inclusive; 
the  next  class,  birds  laying  from  15  to  29  eggs  inclusive,  and  so  on. 
The  procedure  sometimes  followed  of  taking  different  limits  for  the 
class  unit  in  the  case  of  each  frequency  distribution,  and  subse- 
quently treating  these  distributions  as  if  they  were  in  every  way 
strictly  comparable,  is  obviously  not  a  logical  one. 

In  deducing  the  moments  from  the  grouped  material  we  have  in 
each  case  used  Sheppard's  corrections."  It  will  appear  further  on 
in  the  paper  that  the  problem  of  getting  satisfactory  theoretical 
curves  to  graduate  these  statistics  of  egg  production  is  an  extremely 
difficult  one.  It  occurred  to  us  that  possibly  better  success  in  the 
graduation  of  the  curves  might  be  had  by  using  raw  instead  of  cor- 
rected moments.  Actual  trial,  however,  showed  that  somewhat 
worse  instead  of  better  results  were  obtained  when  the  raw  moments 
were  used.  On  the  whole,  this  is  what  is  to  be  expected  on  theo- 
retical grounds,  as  will  be  apparent  when  the  grouped  frequency 
distributions  are  examined.  Our  material  is  grouped  in  rather  large 
units,  and  at  the  same  time  we  have  apparently  fairly  close  approxi- 
mation to  high  contact  at  both  ends  of  the  range.  These  conditions, 
of  course,  indicate  that  Sheppard's  corrections  are  demanded. 

In  deducing  constants  from  the  ungrouped  material  we  have  cal- 
culated the  mean  and  the  median  by  ordinary  arithmetical  methods. 
In  calculating  standard  deviations  in  these  cases  we  have  used  the 
method  of  moments  rather  than  the  method  of  calculating  from  the 

formula  a^  = ,  where  x  denotes  deviation  from  the  mean.     In 

n 

calculating  the  mode  in  the  case  of  the  ungrouped  frequency  distri- 
butions, use  has  been  made  of  the  approximate  relation: 

Mean  to  mode  =3X  (mean  to  median), 
the  median  of  the  curve  lying  between  the  mean  and  the  mode. 
This  approximation  to  the  position  of  the  mode  was  first  worked 
out  empirically  by  Pearson  ^  and  found  to  give  reasonably  close 
values  in  most  cases.  Recently  Charlier*  has  derived  this  rela- 
tion directly  in  his  treatment  of  a  certain  type  of  frequency  curve. 
He  shows  definitely  why  this  approximation  to  the  mode  must  give 
a  fairly  close  value  in  all  cases  where  the  frequency  curve  is  not  too 
widely  divergent  from  the  normal  curve  of  errors.     In  order  to 

«  Sheppard,  W.  F.    Biometrika,  Vol.  V,  pp.  450-469.    1907. 

b  Gf.  Peareon,  K.    Biometrika,  Vol.  I,  pp.  260,  261.    1902. 

cOharlier,  0.  V.  L.  Reeearches  into  the  Theory  of  Probability.  MeddelaDden 
fr&n  Liuids  Astronomiska  Oboervatorium,  Serie  II,  No.  4,  Kongl.  FysiografiBka 
Sallskapeta  Handlingar,  Bd.  16,  pp.  1-51.    19  fig.    Lund,  1906. 
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determine  for  the  class  of  curves  with  which  we  are  here  dealing 
how  good  this  approximation  to  the  mode  is,  we  have  calculated 
for  six  curves,  (a)  the  true  value  of  the  mode  from  the  moments, 
by  the  usual  general  formula," 

and  (b)  the  approximate  value  of  the  mode  by  the  method  under 
discussion.     The  results  are  shown  in  the  following  table: 


Year  and  group. 


1908 

1904,  fiO-blrd  pens.. 
1905, 60-blrd  pens.. 
1905, 100-bird  pens. 
1906, 50-blrd  pens.. 
1906,  ISO-blrdpens. 


True  mode. 


Modebv 
approxi- 
mate 
method. 


139.20 
149.14 
.  140. 48 
135.00 
123.21 
103.73 


143.25 
148.30 
140.88 
133.00 
120.44 
105.89 


Differ- 
ence. 


-4.05 
-a  84 

-a  40 

+2.00 
+2.77 
-2.16 


When  it  is  remembered  that  the  probable  errors  of  the  centering 
constants  (mean  and  median)  are  in  these  curves  of  about  the  mag- 
nitude ±2,  it  is  apparent  that  the  approximation  gives  values  as 
close  to  the  true  mode  as  could  reasonably  be  expected. 

Having  determined  the  mode  in  the  manner  indicated,  in  the  case 
of  the  ungrouped  material,  the  distance  from  mean  to  mode  was  used 
to  find  the  skewness  by  the  following  relation: 

Distance  from  mean  to  mode 


Skewness  ■- 


Standard  deviation 


Respecting  the  probable  errors  of  the  various  constants  discussed, 
the  following  should  be  said.  The  probable  error  of  the  mean  was 
calculated  from  the  usual  formula, 

using  Gibson's  tables.*  Theoretically,  in  the  case  of  the  grouped 
material,  where  Sheppard's  corrections  are  applied  to  the  moments, 
the  uncorrected  value  of  a  should  be  used  in  this  formula.*^  But 
practically,  with  the  very  large  values  of  a  with  which  we  have  here 
to  do,  and  the  consequent  large  absolute  values  of  the  probable 
errors,  it  makes  no  difference,  to  the  number  of  decimal  places  tabu- 
lated in  the  probable  errors,  whether  the  corrected  or  uncorrected 

a  Pearson,  K.    Philosophical  Transactions  of  the  Royal  Society,  vol.  198  a,  p.  277. 
1902. 
&  Gibson,  W.    Biometrika,  Vol.  IV,  pp.  385-393.    1906. 
c  Cf.  Sheppard,  W.  F.     Biometrika,  Vol.  V,  p.  455.     1907. 
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value  is  used.  We  have  consequently  used  the  corrected  values  to 
save  labor.  The  probable  error  of  the  median  is  given  by  Sheppard" 
as  follows: 

P.  -E.«««a»= 0.845354= 

For  the  sake  of  economy  in  calculation  we  have  made  use  of  the 
obviously  simpler  relation: 

^•^•«««««=-l-25332xP.  ^.,„«^ 

In  the  case  of  the  probable  error  of  the  standard  deviation  it  has 
recently  been  pointed  out  by  the  writer*  that  caution  must  be  exer- 
cised in  using  the  formula  usually  given,  viz: 

P.  £'.(7  =  0.6744972^ (i) 

When  curves  deviate  much  from  the  normal  curve  of  errors  P.  E.  a 
by  this  formula  may  be  seriously  in  error.  Resort  should  be  had  in 
all  cases  of  importance  to  the  general  formula 

P.  E.  a  =  0,67449  Jl^^qH^yn (ii) 

which  for  convenience  in  computation  may  be  written 

p.  £.=„V5S 

where  Xi  is  the  value  0.6744898/V^  tabled  by  Miss  Gibson  (loc.  cit.). 
In  the  present  investigation  we  have  made  it  a  rule  to  calculate  this 
probable  error  by  equation  (ii)  in  every  case  where  it  was  necessary 
for  some  other  reason  to  determine  the  value  of  /i^.  In  all  other 
cases  equation  (i)  was  used.  In  the  tables  it  will  be  specifically 
indicated  which  formula  was  used  in  each  particular  case. 

The  usual  formula  for  the  probable  error  of  the  coefficient  of  varia- 
tion F, 

was  used  throughout. 

In  the  case  of  the  skewness  the  question  of  the  proper  value  of  the 
probable  error  is  a  difficult  one.  It  has  been  shown  by  Pearson  and 
Filon*  that  the  probable  error  of  this  constant  has  a  different  value 

a  Sheppard,  W.  F.  Philosophical  Transactions  of  the  Royal  Society,  vol.  192  a, 
pp.  101-167.    1898. 

ftPearl,  R.,  Biometrika,  Vol.  VI,  pp.  112-117.     1908. 

«  Pearson,  K. ,  and  Filon ,  L.  N .  G .  Philosophical  Transactions  of  the  Royal  Society ; 
vol.  191  A,  pp.  22^-311.     1898. 
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for  each  different  type  of  frequency  curve.  A  maximum  limit,  how- 
ever, is  always  given  by  the  value  in  the  case  of  the  normal  curve,  i.  e., 

P.  £.«..  =0.67449^ 

The  authors  cited  point  out  (loc.  cit.,  p.  271,  footnote)  that  a  very 
close  approximation  of  the  probable  error  of  the  skewness  generally 
is  given  by  the  relation 

This  formula  we  have  used  throughout,  first  putting  it  in  the  some- 
what simplified  form 

p    w      ^^7320508/, 

where  Xt  is  the  function  tabled  by  Miss  Gibson  (loc.  cit.). 

All  the  computations  in  this  investigation  have  been  carried  out 
with  the  aid  of  a  large  Brunsviga  arithmometer  and  an  adding  ma- 
chine. All  possible  precautions  have  been  taken  to  exclude  arith- 
metical errors  in  the  work.  It  is  the  intention  to  publish  all  the  raw 
material  which  was  available  to  the  authors  (in  the  present  or  later 
parts)  of  this  paper,  so  that  it  will  be  possible  for  any  interested 
persons  to  check  up  the  computations. 

VARIATION  IK  EOa  PBODTTCTION  IK  B ABBEB  PLYMOUTH  BOCKS. 

Turning  now  to  the  discussion  of  the  results  of  the  work,  we  have 
first  the  grouped  frequency  distributions  for  variation  in  first-year 
egg  production  in  Barred  Plymouth  Rock  pullets  during  a  period  of 
eight  years  set  forth  in  Table  1.  In  this  table  are  given  both  the 
absolute  frequencies  and  the  frequencies  per  cent  for  each  year. 
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The  percentage  distributions  for  1903,  for  the  50-bird  pens  of 
1904,  the  50,  100,  and  150  bird  pens  of  1905,  and  the  50,  100,  and 
150  bird  pens  of  1906  are  shown  graphically  in  figures  1  to  8,  inclusive. 
Of  the  other  distributions  the  majority  involve  so  few  individuals 
relatively  that  they  give  rather  irregular  polygons.  On  this  account, 
and  since  the  general  form  in  all  is  very  similar  to  that  of  the 
polygons  which  are  shown  graphically,  it  will  not  be  necessary  to 
figure  them  separately. 

From  the  data  given  in  Table  1  and  the  diagrams  we  note  at 
once  the  following  general  characteristics  of  variation  in  egg  pro- 
duction: 

1.  The  distribution  of  variation  is  not  usually  symmetrical 
about  the  center  or  type  of  egg  production.  The  distributions 
nearly  all  show  some  degree  of  asymmetry  or  skewness.  Further, 
this  skewness  is  obviously  negative  in  all  cases — that  is,  the  dis- 
tributions tail  off  more  gradually  toward  the  side  of  low  egg  pro- 
duction. 

2.  The  range  of  variation  in  egg  production  is  very  considerable, 
even  in  a  stock  so  closely  selected  to  type  as  this  has  been.  The 
observed  range  extends  from  an  egg  production  of  zero  to  one  of 
nearly  250.  The  manner  in  which  this  great  range  is  covered  is 
perhaps  even  more  strikingly  shown  in  the  tables  of  Appendix  I 
than  in  Table  1. 

3.  The  distributions  generally  have  more  than  one  observa- 
tional mode  or  peak.  This  fact,  however,  is  probably  not  to  be 
interpreted  as  meaning  that  the  normal  egg-production  variation 
curve  is  a  multimodal  one.  It  is  in  all  probability  merely  a  result 
of  random  sampling  with  respect  to  a  character  having  a  great 
range  of  variation,  when,  furthermore,  each  sample  contains  only  a 
relatively  small  number  of  individuals.  The  general  form  of  the 
frequency  distributions  would  indicate  that  the  variation  in  the 
character  is  of  the  usual  imimodal  skew  type.  This  point,  however, 
will  be  more  particularly  discussed  later  on  in  the  paper,  when  the 
evidence  from  the  analytical  constants  is  at  hand. 

4.  Not  only  is  the  range  of  variation  in  egg  production  great, 
but  also  the  absolute  amount  of  variation  in  the  character,  as  indi- 
cated by  the  "scatter"  of  the  distributions,  is  relatively  large. 
This  will  be  made  clearer  by  the  constants  of  variation,  to  the 
examination  of  which  we  may  next  turn. 

In  Table  2  are  given  the  values  of  the  chief  physical  constants 
of  the  frequency  distributions  of  Table  1,  together  with  their  prob- 
able errors.  The  methods  by  which  the  calculations  were  made 
have  been  described  in  the  previous  section.  Six  constants  are 
included  in  the  table.  A  brief  examination  of  their  meaning  may 
be  useful.    The  first  of  the  constants  tabled — the  mean  or  average 
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annual  egg  production — ^needs  no  explanation.  The  median  (the 
second  constant  tabled)  is  the  value  at  which  the  flocks  divide  into 
two  equal  parts  in  regard  to  egg  production.  Thus,  in  1902-3 
one-half  of  the  birds  laid  more  than  137.5  eggs  and  one-half  laid 
fewer  than  that  number.  The  mode  is  that  amount  of  annual  egg 
production  which  is  exhibited  by  the  largest  number  of  birds.  It 
is  the  "fashionable"  egg  production.  For  example,  in  1902-3 
more  hens  laid  139.53  eggs  in  the  year  than  laid  any  other  single 
number,  either  greater  or  less.  The  standard  deviation  is  a  measure 
of  absolute  variation;  in  the  present  instance  it  expresses  the  degree 
of  variation  in  annual  egg  production  in  terms  of  eggs.  It  is  a 
measure  of  the  "spread''  or  "scatter"  of  the  frequency  distribu- 
tion. The  coefficient  of  variation  is  a  relative  measure  of  variation. 
It  is  the  percentage  of  the  standard  deviation  in  the  mean.  The 
skewness  is  the  measure  of  the  degree  to  which  the  frequency  curve 
is  asymmetrical.  A  positive  skewness  means  that  the  curve  tails 
off  more  gradually  toward  large  values  than  toward  small  values  of 
the  character  under  discussion,  while  a  negative  skewness  means 
that,  as  in  the  present  cases,  the  curve  tails  off  more  gradually 
toward  the  small  values  of  the  character.  With  positive  skewness 
the  mean  is  greater  than  the  mode,  while  with  negative  skewness 
the  reverse  relation  holds. 

In  the  last  three  lines  of  Table  2  are  given  the  weighted  mean 
values  of  each  constant  for  the  years  1904-5,  1905-6,  and  1906-7, 
respectively.  In  each  of  these  years  we  have  data  for  flocks  of  50, 
100,  and  150  birds  each.  In  order  to  get  a  single  value  which  shaU 
be  in  a  measure  representative  of  each  constant  for  each  of  these 
years  the  only  feasible  procedure  is  to  take  a  weighted  mean  of 
the  values  of  the  particular  constants  for  each  of  the  three  flocks. 
This  we  have  done.  We  have  weighted  the  several  flock  constants 
in  each  case  with  the  number  of  birds  they  involve,  as  shown  in 
Table  1.  A  single  example  worked  out  in  extenso  will  make  plain 
just  how  these  weighted  values  are  obtained : 

190&-6,  50-bird  pens:  Mean  140.31X178=  24,975.18 
190&-«,  100-bird  pens:  Mean  127.50  X  182  =  23,205.00 
190&-6,  ISO-bird  pens:  Mean  119.43  X  275  =     32,843.25 

Sums =635  and  81,023.43 

81,023.43^635=  127.60  =  "weighted  mean''  egg  production  in  year 
1905-6. 
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Table  2. — Conttanis  of  variation  in  annual  egg  production^  Barrtd  Plgmauth  Rocks. 


Laying  yitf  and 


18B0-ig00 

1900-1901 

1901-2 

1902-S 

190»-l 

190i-5: 

fiO-birdnens... 

109-birdpeiis.. 

ISO-blrdpena.. 
190fr-6: 


SO-birdpens. 
>irdpen 


100-bin 

IfiO-birdpens.. 
190ft-7: 

fiO-birdpens 

IQO-birdpeDa 

IfiO-birdpens 

1904-^,  weightad  mean 
190fr^,  weighted  mean 
1906-7,  wai^tad  mean 


Mean.* 


19a.30db3.5A 
14&44±3.a9 
lfi&58±8.70 
136.48^2.19 
117.87dbl.76 

18i.e0±1.96 
188.614:8.47 
114.64db3.02 

14a31i:1.81 
127.60^:2.08 
119.4a±1.64 

114. 16±  1.74 

10&68i:1.92 

101.08dbl.64 

12&97 

127.60 

106.94 


Median. 


142.00db4.46 
146.26^:4.12 
16&  50^:4. 76 
137.60±2.74 
126.33±2.20 

130.17db2.40 
14L00±4a6 
117.00±8.79 

143. 50i:2. 26 

129.38±2.64 

Ml&86±1.93 

116.26±2.18 

»lia76±2.41 

102.fl0±2.06 

133.47 

128.77 

106.77 


Mode. 


168.29 
161.88 
164.33 
13a64 
130.x 

149. 14 
156.78 
121.93 

149.48 
13&00 
12a07 

123.21 
100.55 
103.73 
142.98 
132.50 

iiaoo 


Btandard 
deviation. 


44.08db2.61 
46.02^2.33 
38.94±2.68 
a0.34±1.56 
e41.43dbl.31 

e«.49:i:1.29 
«40. 41^:2. 46 
c58.04i:2.88 

e36.76±l.ll 
«4a60:i:1.49 
eS7.88±1.01 

e35L22:kl.29 

«38.71±1.81 

e4a87dbl.l6 

6a44 

88.06 

88.64 


of 
Tuiatlon. 


32.29±2l02 
31.38:^1.78 
25.08±1.83 
2&82i:1.22 
35.14^:1.17 

86.77±1.17 
36.98:^2.07 
46.31^:2.28 

25.48:ka97 
31.84±1.28 
3L72±1.0O 

3a91:kl.l8 

8&M±1.3e 

4a  43^:1.82 

39.40 

3a  01 

86.32 


-aSS4±a082 

-  .188±  .061 

-  .225±  .104 

-  .078:^  .067 

-  .516±  .099 

-  .794±  .044 

-  .449db  .068 

-  .199±  .068 

-  .296±  .082 

-  .185±  .066 

-  .017db  .080 

-  .2B8dh  .066 

-  .016±  .061 

-  .066:k  -090 

>  .280 

-  .132 

-  .108 


a  Beginning  with  the  year  19a^^,  the  means  (and  also  the  other  constants  except  the  medians)  areealeo- 
latad  from  thetsronped  frequency  distributions  of  Table  1,  instead  of  from  the  ongrouped  dlstribatlQna 
civen  in  the  appendix.  This  leads  to  slightly  dUTerent  values  than  are  obtained  if  one  calculates  directly 
nam  the  ungroupad  material.  The  dilterences,  however,  are  always  very  small,  and  are  not  sensible  in 
comparison  with  the  probable  errors  of  the  constants.  In  passing  it  should  be  said  that  on  theoretieal 
■rounds  there  is  every  reason  to  suppose  that  the  means  fh»m  the  grouped  ftgures  represent  more  naady 
UM  unJmowable  true  means  than  do  those  from  the  ungrouped  material. 

^The  failure  of  the  median  in  these  cases  to  fall  between  the  mean  and  the  mode  arises  from  the  liMSt  that 
the  skewness  of  these  curves  is  very  small.  Consequently  mean,  median,  and  mode  very  nearly  cotnelde. 
Each  is  subject  to  a  considerable  probable  error,  great  enough  indeed  so  that  twice  the  range  induded 
within  the  probable  error  of  any  one  of  these  constants  Includes  the  other  two  within  its  limits. 

«  These  probable  enron  were  calculated  by  the  formula  involving  /£«.    (Cf.  p.  23,  supra. ) 

Attention  may  first  be  called  to  certain  general  points  brought  out 
by  the  constants  in  this  table,  and  then  turned  to  the  discussion  of 
specific  problems,  for  which  the  table  furnishes  data.  We  note  first 
that  the  mean  or  average  egg  production  ranges  in  amount  between 
about  100  eggs  (150-bird  pen,  1906-7)  and  156  eggs  (1901-2).  TTie 
median  and  the  mode  are  in  every  case  larger  than  the  mean,  indicat- 
ing, as  does  also  the  last  column  of  the  table,  that  all  these  egg-pro- 
duction variation  curves  are  negatively  skew.  The  amount  of  varia- 
tion in  annual  egg  production  is  large  both  absolutely  and  relatively. 
The  lowest  coeflScient  of  variation  in  the  table  is  25.03  per  cent 
(1901-2).  Even  this  is  a  distinctly  large  coefficient,  when  compared 
with  what  has  been  found  for  various  characters  in  other  organisms 
than  the  domesticated  fowl.  The  values  of  the  constants  measuring 
variation  obtained  in  this  case  indicate  that  egg  production  is  to  be 
classed,  so  far  as  variation  is  concerned,  with  purely  physiological 
characters.  It  has  been  pointed  out  by  the  writer"  that  in  the  case 
of  man  characters  which  in  general  may  be  regarded  as  strictly 
physiological  (even  though  they  may  be,  as  in  the  present  case, 
measured  in  morphological  imits)  vary  much  more  than  do  such 
morphological  characteristics  as  bone  measurements  and  the  like. 
This  point  has  recently  been  confirmed  by  Kellicott  ^  in  his  study 

a  Pearl,  R.  *  Biometrika,  Vol.  IV,  pp.  31-36.    1905. 

&  Kellicott,  W.  E.    Journal  of  Experimental  Zoology,  Vol.  IV,  pp.  676-614.    1907. 
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of  yariation  in  the  toad.  We  hope  later  to  have  quantitative  data 
regarding  variation  in  other  characters  of  the  domestic  fowl,  so  that 
direct  comparison  of  various  characters  and  organs  in  respect  to 
variation  may  be  made. 

It  is  of  interest  to  compare  these  results  on  variation  in  egg  pro- 
duction with  the  results  of  other  workers  regarding  variation  in  fer- 
tility and  fecundity  in  other  organisms.  In  Table  3  we  have  col- 
lected the  existing  data,  from  which  such  comparisons  may  be  made. 
We  have  included  data  on  variation  in  number  of  seeds  produced  in 
a  plant,  this  being  obviously  a  measure  of  gross  fertility  in  such  a 
case. 

Tablb  3. — Constants  o/vcaiation  in  fertility  and  fecundity  in  varUms  organisms. 


Subject. 


Chancter. 


I  Coefflclent 
of  yariation. 


Ndumbiwnluteum Number  of  weds 17.445 

_         27.411 

2S.097 
24.771 
48.41 
/34.21 


Poland-Cblna  swioe Site  of  litter. 

DunxsJersey  swine do 

Horse Fecundity  « 

Man '  Number  of  children 

Domestic  fowl i  Annual  egg  production 


I 


SkewnesB. 


Authority. 


+aoi64    Peari.a 
+  .0701  '  Sur&ce.fr 


+  .0639 
-  .1286 
+  .0803 
/-  .206 


Sur&ce.ft 
Pearson.' 
Powya.« 
This  paper. 


a  American  Naturalist.  Vol.  XL,  pp.  757-768.    1006. 

b  Reductions  of  data  given  by  Rommel  (Bumau  of  Animal  Industry  Circular  No.  96).  A  paper  giving  a 
detailed  account  of  these  reductions  Is  now  In  press. 

«  Fecundity  In  this  case  means  the  fraction  which  the  actual  number  of  offspring  arising  from  a  given 
number  of  coverings  Is  of  the  possible  number  of  offspring  under  the  circumstances. 

d  Biometrika,  Vol.  I,  pp.  289-392.  1902.  Actually  onlv  the  moments  of  this  fecundity  curve  are  given  at 
the  place  cited.    From  t^  moments  we  have  oalculatea  the  coefficients  of  variation  and  the  skewness. 

«mometrika.  Vol.  v.,  p.  261.    1905. 

/  Weighted  mean  value  of  the  constant  for  the  whole  period  1890-1900  to  1006-7,  Inclusive.  The  weight- 
ing is  In  proportion  to  the  number  of  birds  involved  in  each  year. 

Further  data  for  man  might  be  included  in  this  table,  but  that  is 
hardly  necessary,  as  the  example  given  of  a  human  fertility  curve  is 
based  on  very  extensive  data  and  may  be  regarded  as  typical.  It  is 
clear  from  the  table  that  these  egg-production  curves  are  in  no  way 
exceptional  in  regard  to  the  degree  of  variation  which  they  exhibit. 
It  appears  to  be  generally  the  case  that  fecundity,  fertility,  and  closely 
allied  characters  are  highly  variable.  There  would  seem  to  be  a 
tendency  for  the  coefficients  measuring  variation  in  these  characters 
to  be  above  a  value  of  20  per  cent.  In  general  it  may  be  said  that, 
so  far  as  indicated  by  the  present  data,  the  domestic  fowl  exhibits 
a  relative  degree  of  variation  in  annual  egg  production  distinctly 
less  than  that  shown  in  normal  human  stocks  in  respect  to  size 
of  family,  and  rather  greater  than  that  in  Thoroughbred  brood  mares 
in  respect  to  fecundity. 

In  Table  3  have  also  been  included  comparative  data  respecting 
the  skewness  of  variation  in  the  several  characters  enumerated.  It  is 
evident  at  once  that  there  is  even  less  uniformity  in  this  particular 
than  in  the  relative  amount  of  variation.  Even  the  sign  of  the 
skewness  is  not  the  same  in  all  cases.  In  general  the  degree  of  skew- 
ness is  small.  The  only  cases  in  which  the  direction  of  the  asym- 
metry of  the  distribution  is  negative  are  those  of  fecundity  in  brood 
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mares  and  egg  production  in  fowls.  Human  fertility  curves  all  agree 
in  showing  a  distinct  positive  skewness.  It  was  at  first  thought  that 
the  negative  skewness  of  the  egg-production  curves  might  owe  its 
origin  to  the  practice  which  has  been  followed  of  selection  for  high 
production.  It  seems  improbable,  though,  that  this  is  the  case,  be- 
cause, as  indicated  in  the  last  column  of  Table  2,  environmental 
conditions  appear  to  have  a  great  deal  to  do  with  the  shape  of  the 
curves  of  variation  in  egg  production. 

ANALYTICAL  DISCUSSION  OF  VARIATION   IN   EGG  PRODUCTION. 

Having  now  considered  the  general  facts  respecting  variation  in 
annual  egg  production,  we  may  next  turn  our  attention  to  the  more 
complete  mathematical  analysis  of  the  variation  curves,  using  the 
methods  of  Pearson.^  We  have  carried  out  the  analysis  in  detail  and 
fitted  curves  to  the  following  distributions  given  in  Table  1:  1903-4; 
1904-6,  60-bird  pens;  1906-6,  50,  100,  and  150  bird  pens;  1906-7, 
50,  100,  and  150  bird  pens.  The  other  distributions  involve  so  few 
individuals  as  to  make  their  detailed  treatment  unprofitable.  The 
analytical  constants  are  exhibited  in  Table  4.  The  moments  are 
given  in  terms  of  the  imit  of  grouping,  which  in  each  case  is  equal  to 
15e^s. 

Table  4. — Analytical  constants  of  variation  in  annual  egg  production. 


Constant. 


1W3-4. 


N 

» 

m 

w 

A 

y0i 

fit 

fif^ 

«i 

Skewness 

d Eggs. 

Standard  deviation 

eggs 

Mean Errs. 

Mode do... 

Range do... 

+end  of  range.. do. . . 
—end  of  range. do. . . 

Ife  per  cent 

P.  E.  ^'/8,fc 

P.E./9,6 

P.  E.  skewness* 


50-bird 
pens. 


254 
7.(069 
14.6883 
187. 6675 
.4860 
.6971' 
3.2262 
.2262- 
1.0055- 
.5148- 
21.33 


1905-«w 


50-bird 
pens. 


283 

10.81 

13.3924i 

31&  7131 

.1390 

.3728* 

2.6890 


lOO-bird 
pens. 


178  182 

5.68181        7.3233 
-     3.8863-     7.0879 


150-blrd 
pens. 


1906-7. 


50-bird 
pens. 


11.2274     16&5017 


.0823, 


41.43 
117.87 
139.20 
331.82 
194.41 
137.41 

13.47 
1037 


.3100, 
1.0389 
.293; 
14.53 


.2074± 
.0518  + 


49.49 
134.60 
149.14 
328.21 
248.18 
-80.02 
11.46 
±      .0982 


.286» 
2.5161 

-  .4839 

-  1. 2149 

-  .2564 
9.17 

35.75 
140.31 
149.48 
221.29 
208.55 

12.74 

15.32 


.1279 

.3577 

3. 1419 

4-   .  1419 

-   .'l848 
7.50 

4a  59 

127.50 

135. 00 

1265.06 

313.77 

-951.31 

14.86 


.1964± 
.  049l:i 


.1238± 
.2476± 
.0619i: 


275 
&3761 

-  .4478- 
111.2316' 

.0008 
.0278' 
2.7360; 
.2640  + 

-  .5303- 

-  .0171- 


37.89 
119.43 
120.07 
344.88 
291.87 
-  63.01 
14.40 


.1224:b 
.2448± 
.0612  + 


187 

5.5117 

&2369 

97. 7818 

.2323 

.4820 

3.2188 
.2188 
.2594 
.2631 

9.26 


.0996_ 
.1992^: 
.0^98± 


35.22 
113.94 
123.21 
631.22 
226.11 
-405.11 
17.19 


.1208:1: 


.0604± 


100-blrd 
pens. 


185 
618601 

-  4.5912 
126l9614 

.0714 

.2671 

2.8627 

-  .1373  + 


38.71 
106.93 
109.55 
599.96 
35&93 
-141.06 
15.18 
.1214 
.2416|±      .2428 
0607 


150-bird 
pens. 


281 
7.4221 
3.0065 
165.2723 
.0221 
.1488 
3.0008 
.0002 
.0660 
01601-      .0650 
2.66 


4a  87 
101.06 
103.73 


14.64 
±      .0986 
±      .1973 
±      .0«3 


a  Mathematical  Contributions  to  the  Theory  of  Evolution.  II.— Skew  Variation  in  Homogeneous 
Material,  rbilreonhical  Transactions  of  the  Royal  Society,  vol.  186  A,  pp.  343-414.  1805.  Hath. 
Contr.,  etc.    X.— Supplement  to  a  Memoir  on  Skew  Variation.    Ibid.,  vol.  197  A,  pp.  443-469.    1901. 

t>  These  are  the  probable  errors  in  the  case  of  the  normal  curve,  and  are  Introduoed  to  show  the  degree 
to  which  the  present  curves  deviate  from  normality. 
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Examining  first  the  criterion  icj  =  2^,  —  3/3i  —  6,  we  note  that  it  is 
in  every  case  negative.  This  indicates  that  unless  VA  =  0  within 
the  limits  imposed  by  its  probable  error  the  curves  demanded  are  of 
Pearson's  Type  I,  with  range  limited  in  both  directions,  and  skewness. 
From  the  value  of  VA,  given  in  the  table,  we  conclude  that  the  first 
four  of  the  distributions,  and  also  that  for  the  50-bird  pens  in  1906-7, 
fulfill  the  conditions  for  a  Type  I  curve.  The  three  remaining  dis- 
tributions have  a  very  small  (practically  insignificant)  skewness. 
Consequently  VA  approaches  zero  closely  in  its  value  in  these  cases, 
and  is  in  each  instance  not  significant  in  comparison  with  its  probable 
error.  Hence,  the  conclusion  is  that  a  symmetrical  curve  must  be 
used  to  graduate  these  three  distributions.  This  limits  the  choice 
to  Pearson's  Type  II,  a  symmetrical  curve  with  the  range  limited  at 
both  ends,  on  the  one  hand,  or  to  the  normal  or  Gaussian  curve  of 
errors,  symmetrical  but  of  unlimited  range,  on  the  other  hand.  The 
criteria  which  indicate  the  proper  choice  in  such  a  case  are,  first, 
that  if  K^  be  negative  (as  is  the  case  with  all  of  our  three  curves)  it 
indicates  a  Type  II  curve,  and  second,  that  if  /?,  be  significantly  dif- 
ferent from  3,  again  a  Type  II  curve  is  indicated.  In  our  three  dis- 
tributions ^,  —  3  can  not  in  any  single  case  be  asserted  to  be  significant 
in  comparison  with  the  probable  error  of  ^,.  In  the  case  of  the 
1905-6  1 50-bird  pen  distribution  the  probability  is  that  ^,--3  is  sig- 
nificant. There  is  little  doubt  that  in  this  case  we  shall  get  a  better 
graduation  with  a  Type  II  curve  than  with  a  normal  curve.  Ac- 
cordingly, such  a  curve  has  been  fitted  in  this  distribution.  In  the 
case  of  the  other  two  distributions  we  should  undoubtedly  get  sensibly 
as  good  graduations  with  either  Type  II  or  normal  curves.  We  have 
used  Type  II  in  the  case  of  the  100-bird  pen  curve  (1906-7)  and  the 
normal  curve  in  the  case  of  the  1 50-bird  pen  distribution  (1906-7). 

The  equations  to  the  eight  curves  follow. 

1903-4: 

i+r8.44idj)   0-3:6804; 

1904-5,  50-bird  pens: 

y  =  32.42  (^1  +  152774;      O-e.eW 
1905-6,  50-bird  pens: 

l+9.rr57j      0-4J876; 
1905-6,  100-bird  pens: 

(^  \  108.14«8  y'  ^  X  W.MW 

1+72:4209;      \}-\Tm79) 
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19Q5-6,  15a-bird  pens: 

y=39.86  (1-132  jgggj) 
1906-7,  50-bird  pens: 

y  =  32.14  (^1 +35.2214  j       V"6.860oJ 
1906-7,  100-bird  pens: 

^-27T.7W 
1906-7,  150-bird  pens: 
2/  =  41.15e-'^'"*'* 

The  frequency  distributions  and  their  fitted  curves  are  shown 
graphically  in  figures  1  to  8,  inclusive.  In  drawing  these  variation 
curves  the  frequencies  have  ail  been  reduced  to  percentages.  Hence, 
since  the  abscissal  units  are  taken  equal,  all  the  curves  have  equal 
areas,  and  any  given  ordinates  are  directly  comparable  in  the  different 
diagrams. 

It  is  clear  from  these  figures  that  the  curves  give  graduations  of 
the  data  which  are  on  the  whole  very  good.  They  are  quite  as  sat- 
isfactory as  could  reasonably  be  expected  with  such  relatively  small 
numbers  in  the  observational  series  and  the  consequent  irregularity 
of  the  polygons. 

From  Table  4  and  the  diagrams  we  note — 

1.  That  the  skewness  or  asymmetry  of  the  variation  curves,  while 
in  all  but  three  cases  distinct  and  significant,  is  in  none  of  these  curves 
extreme.  Variation  in  egg  production  tends  to  approach  the  Gaussian 
type  of  distribution  rather  closely.  The  uniform  tendency  for  the 
skewness  in  these  curves  to  be  in  the  negative  direction  when  it  exists 
at  all  is  evident  from  the  diagrams. 

2.  There  is  no  uniform  tendency  for  these  ovulation  curves  to  be 
either  leptokurtic  or  platykurtic  (that  is,  more  or  less  peaked  than 
the  normal  curve  of  equal  standard  deviation).  In  four  out  of  the 
eight  curves  the  sign  of  ^t"~3  is  positive,  in  the  remainder  negative. 
The  deviation  from  the  condition  of  mesokurtosis  is  in  no  case  great, 
however.  In  view  of  the  magnitude  of  the  probable  errors  of  ^„  it 
is  impossible  to  assert  that  any  of  the  deviations  from  mesokurtosis 
are  certainly  significant.  In  the  case  of  the  1905-6  50-bird  pen  curve 
the  value  of  the  kurtosis  /?2-3  is  probably  significant.  In  all  the 
other  cases  the  probability  is  in  the  other  direction. 

3.  The  total  range  is  clearly  overestimated  in  all  but  one  case 
(1905-6,  50-bird  pen),  and  in  several  of  the  curves  this  exaggeration 
of  the  range  is  very  great.  A  total  range  of  328  or  332  or  345,  while 
rather  large,  is  not  absolutely  impossible  theoretically.  But  when 
we  come  to  a  range  of  1,265  eggs  for  the  individual  variation  in  egg 
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production  within  a  year,  it  is  clear  that  the  exaggeration  has  gone 
far  beyond  the  limits  of  what  we  must  regard  as  possible.     In  spite 
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Fia.  1.— Variation  in  annual  egg  production,  1903-4. 

of  the  great  overestimation  of  the  total  range  it  will  be  observed  that 
the  upper  (  +  )  end  of  the  range  in  every  case  has  a  value  Which  is 
theoretically  possible.     While  the  production  of  over  300  eggs  in  a 
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Fio.  2.— Variation  in  annual  egg  production,  1904-5. 

year  by  an  individual  hen  has  never  been  recorded  so  far  as  we  are 
aware,  it  still  would  be  very  difficult  to  prove  that  such  an  event  is 
theoretically  impossible.     The  really  serious  difficulty  with  the  range, 
76208— Bull.  110,  pt  1—09 ^3 
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as  given  by  the  curves,  lies  in  the  location  of  the  lower  ( — )  range  end. 
In  only  one  of  the  eight  curves  (1905-6,  50-bird  pen)  does  the  lower 
range  end  have  a  value  which  is  physically  possible.     It  is  obvious 
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Fig.  3.— Variation  in  annual  egg  production,  1905-6,  50-bird  pens. 

that  no  hen  is  capable  of  laying  fewer  than  no  eggs  at  all  in  a 
year,  yet,  with  the  single  exception  noted,  the  lower  range  end  has 
a  negative  value  in  every  case. 
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The  nearly  uniform  failure  of  the  fitted  curves  to  give  reasonable 
estimations  of  the  range  limits  of  variation  in  egg  production  is 
remarkable.     Anyone  who  has  had  any  large  e;xperience  with  Pear- 
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son's  limited  range  cunres  knows  that  they  aknost  never  lead  to 
impossible  estimations  of  the  range  ends.  We  have  given  the  matter 
very  careful  study  in  the  present  case,  and  while  we  are  able  easily  to 
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understand  and  explain  the  results  we  get  with  the>se  curves,  we  have 
not  been  able  to  modify  them  in  any  way  so  as  to  get  a  better  repre- 
sentation of  the  actual  range  by  the  theoretical.     It  occurred  to  us 
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FiQ.  6.— Variation  in  annual  c^^g  production,  1906-7,  50-bird  pons. 

that  possibly  by  using  the  immodified  moments  in  the  place  of  those 
corrected  by  Sheppard's  formulae  we  might  get  a  better  estimation  of 
the  range.     Trial,  however,  proved  this  not  to  be  the  case.     In  these 
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particular  curves  it  made  no  substantial  difference  in  the  range  if 
Sheppard's  corrections  were  or  were  not  used.  It  is  obvious  from 
the  diagrams  that  the  general  *'fit"  of  all  these  curves  is  excellent. 
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In  fact,  it  would  be  difficult  to  get  any  better  graduations  than  those 
given  by  the  present  curves.  Curves  of  Type  I  and  Type  II  are  the 
only  limited  range  curves  which  can  possibly  be  used  on  these  fre- 
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Fig.  8.— Variation  in  annual  egg  production,  1906-7, 150-bird  pens. 

quency  distributions,  and  it  is  obvious  from  Table  4  that  one  of  these 
types  is  not  superior  to  the  other  in  the  matter  of  the  estimation  of 
the  range.     Hence  we  can  not  get  over  our  difficulty  by  using  some 
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other  types  of  curve  than  those  which  actually  have  been  used.  A 
remarkable  thing  is  that  in  every  one  of  the  egg-production  distribu- 
tions the  value  of  the  criterion  k^  is  such  as  to  indicate  that  the  dis- 
tribution deviates  from  normality  in  the  direction  of  a  limited 
range  curve  (either  Type  I  or  II).  In  so  far  mathematical  theory 
and  biological  fact  agree  Excellently,  because  annual  egg  production 
is  a  thing  which  can  only  vary  within  certain  limits.  The  remark- 
able thing  is  that  while  the  data  demand  a  limited  range  curve  they 
lead  to  impossible  values  of  the  range. 

Consideration  of  the  matter  leads  to  the  conclusion  that  the  chief 
reasons  for  the  great  overestimation  of  the  range  by  these  curves  are: 
(a)  That  in  the  majority  of  cases  the  curves  approach  very  close  to 
the  normal  type.  The  range  of  the  normal  curve  is  from  —  oo  to  +00. 
As  the  limited  range  curve  approaches  the  normal  its  range  tends 
very  rapidly  to  increase.  (6)  That  the  distributions  are  in  every  case 
rather  irregular,  owing  to  the  relatively  small  number  of  individuals 
included  in  each.  It  will  be  observed  that  in  each  of  the  worst  cases 
of  extension  of  the  range  into  the  negative  there  is  a  group  of  hens 
laying  very  few  eggs  in  the  year  and  producing  a  pronounced  hump 
in  the  curve  near  its  lower  end.  Now  the  theoretical  curve  attempts 
to  make  allowance  for  this  irregularity,  but  only  does  so  at  the  expense 
of  sending  a  long  tail  off  into  the  negative.  With  a  larger  number  of 
observations  there  is  no  doubt  that  much  of  the  irregularity  would 
disappear  from  the  observational  polygons,  and  with  it  would  go  that 
which  in  considerable  measure  causes  the  great  overestimation  of  the 
range  by  the  present  curves. 

The  points  just  mentioned  should  be  given  due  weight  before 
criticism  is  made  of  the  theoretical  curves  used  because  of  their 
failure  to  give  good  estimation  of  the  range.  In  addition  the  follow- 
ing facts  should  not  be  forgotten  in  the  same  connection.  First,  that 
the  total  frequency  given  by  the  theoretical  curves  beyond  the 
observed  range  is  in  every  case  so  small  as  to  be  practically  negligible; 
and  second, 'that  the  range  is  subject  to  a  probable  error,  both  in 
respect  to  its  extent  and  its  position.  In  the  case  of  the  present 
distributions  both  these  probable  errors  must  be  very  large  for  two 
reasons — one,  that  the  curves  approach  closely  the  normal  type;  the 
other,  that  the  number  of  individuals  is  statistically  small. 

There  is  some  reason  to  believe  that  characters  like  fertility  and 
fecundity  as  a  rule  lead  to  theoretical  curves  with  considerable  over- 
estimation  of  the  range  on  the  negative  side.  This  is  certainly  the 
case  with  our  present  data.  It  is  true  to  an  even  more  marked  degree 
in  Powys's  ^  curves  of  fertiHty  in  human  stock.  Examination  of 
the  data  and  diagrams  which  this  author  gives  shows  that  in  spite  of 

oLoc.  cit. 
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the  large  numbers  of  individuals  included  in  his  statistics  and  the  con- 
sequent smoothness  of  the  polygons  the  theoretical  curves  cross  the 
zero  line  (no  children  in  the  family)  with  a  frequency  which  is  sensible 
in  every  case,  and  which  in  some  cases  is  relatively  much  greater  than 
anything  we  have  found  in  the  egg  curves. 

The  general  conclusion  we  reach  is  that  the  failure  of  the  theoretical 
curves  to  give  good  estimations  of  the  observed  range  is  to  be  regarded 
as  the  result  of  peculiarities  of  the  observational  data  rather  than  an 
inherent  fault  of  the  curves. 

(4)  It  is  of  interest  to  note  that  in  these  curves  the  height  of  the 
modal  ordinate  y©  when  expressed  as  a  percentage  of  the  total  fre- 
quency, is  very  nearly  constant  in  all  cases.  Davenport  *  has  recently 
called  attention  to  the  significance  of  the  modal  frequency  as  a  varia- 
tion constant. 

CHANGES  IN  EGO  PRODUCTION  BETWEEN  1899  AND  1907. 

In  attempting  to  reach  a  definite  conclusion  regarding  the  obviously 
important  matter  of  what  has  been  the  character  and  amount  of 
change  in  the  annual  egg  production  during  the  period  covered  by 
our  statistics,  we  are  met  at  once  by  the  diflSculty  noted  earlier  in 
this  paper  (p.  19).  The  data  are  not  strictly  comparable  from  year 
to  year.  Improvements  were  made  in  feeding,  housing,  and  handling 
the  birds  during  the  period  covered  by  the  investigation.  Pri>per 
allowance  can  not  be  made  for  the  influence  of  these  factors.  Further, 
various  accidents  lowered  the  egg  production  in  particular  years. 
The  only  feasible  way  of  getting  some  definite  idea  of  how  the  varia- 
tion constants  change  appears  to  be  the  following:  First,  to  determine 
the  changes  in  the  actual  values  of  the  constants  as  they  stand. 
These  may  be  regarded  as  lower  limiting  values.  The  general  trend 
of  these  having  been  determined,  we  may  next  proceed  to  modify  the 
constants,  for  the  influence  of  accidents  and  the  like,  from  the  actual 
values  they  show.  In  every  case  we  can  be  sure  of  the  general  direc- 
tion in  which  such  modification  should  be  applied.  As* to  what  its 
exact  amount  in  each  case  should  be  there  are,  of  course,  no  criteria. 
But,  if  we  make  the  modification  relatively  large,  we  shall  establish 
what  may  be  regarded  as  a  series  of  upper  limiting  values  for  the  con- 
stants. We  may  then  fairly  conclude  that  had  all  conditions  remained 
normal  throughout  the  period  covered  by  the  data,  the  values 
exhibited  by  the  constants  would  have  fallen  somewhere  between 
the  limits  set  by  the  actual  and  the  modified  values.  While  such  a 
method  can  not  give  us  precise  values,  it  is  capable  of  showing  what 
the  general  trend  of  the  data  is.  We  may  first  examine  the  changes 
wliich  took  place  in  the  mean  or  average  annual  egg  production  in  the 
period  from  1899  to  1907. 

"  The  Principles  of  Breeding,  p.  422. 
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CHANGES  IN  MEAN   EGO  PBODUCTION. 


In  considering  this  problem  the  question  immediately  arises  as  to 
how  the  data  for  1904  and  subsequent  years  shall  be  treated.  In 
these  years  shall  we  use  for  comparison  with  earlier  years  an  average 
based  on  all  the  birds  together  (i.  e.,  those  kept  in  50,  100,  and  150 
bird  pens),  or  only  those  birds  kept  in  flocks  of  one  size  (either  50, 
100,  or  150)?  A  little  consideration  leads  to  the  conclusion  that 
there  can  be  but  one  answer  to  this  question.  We  must  use  the  rec- 
ords of  flocks  of  one  size  only,  otherwise  the  heterogeneity  of  the 
material  will  vitiate  conclusions.  This  being  the  case,  it  is  further 
advisable  to  use  the  data  from  the  50-bird  flocks,  since  in  the  earlier 
years  of  the  experiment  the  birds  were  kept  in  small  flocks,  with 
which  the  50-bird  flocks  of  later  years  are  most  nearly  comparable. 
Consequently  for  tha  years  1904  to  1907,  inclusive,  we  shall  use  the 
50-bird  pen  records  only. 

The  data  for  the  changes  in  mean  egg  production  are  given  in 
Table  5.  The  averages  given  here  in  the  column  headed  "Actual 
average  production''  are  those  obtained  by  dividing  the  figures  in 
the  third  column  of  the  table  by  those  in  the  second  column.  In 
other  words,  they  are  the  averages  from  the  ungrouped  data  given  in 
Table  I  of  Appendix  I.  On  this  account  they  differ  slightly  from  the 
grouped  means  of  Table  2. 

Table  5. — Changes  in  average  egg  production  between  1899  and  1907. 


Year  and  pen. 


189&-19(X) 

1900-1901 

1901-2 

1902-3 

1905-4 

1904-5,  SO-bird  pens. 
1905-6,  50-bird  pens. 
1906-7,  50-bird  pens. 


Birds 
complet- 
ing th6 
year. 


70 
85 
48 
147 
254 
283 
178 
187 


Eggs  laid 


9,545 
12,192 

7,468 
19,906 
29,947 
37,943 
24,827 
21, 176 


Actual 

average 

produo- 

tlozi. 


136.36 
143.44 
1&5.58 
135.42 
117.90 
134.07 
140.14 
113.24 


Added 
to  actual 
average. 


0 

0 

0 
023.73 
Ml.  24 

0 
M3.95 
&29.53 


Modified 
average. 


136.36 
143.44 
155.58 
159.15 
129.14 
134.07 
154.09 
142.77 


a  or.  page  40. 


^  Of.  page  41. 


The  first  point  which  will  be  noted  from  this  table  is  that  the  aver- 
ages given  in  the  fourth  colunm  do  not  agree  with  those  which  have 
been  published  in  the  several  bulletins  of  the  Maine  station,  in  which 
reports  have  been  given  of  the  progress  of  the  experiment  in  breed- 
ing for  increased  egg  production.  Regarding  this  discrepancy  it  need 
only  be  said  that  the  previously  published  averages  have  several 
times  been  in  error  from  one  or  the  other  of  two  causes,  viz,  (a)  faulty 
methods  of  handling  the  statistical  material,  and  (6)  arithmetical 
mistakes.  Any  interested  person  may  verify  for  himself  the  aver- 
ages giyen  in  Table  5,  from  the  figures  given  in  Table  I  of  Appendix  I, 
which  comprises  all  the  data  which  exist  at  the  station  respecting 
annual  egg  production  in  Barred  Plymouth  Rocks. 
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As  has  been  pointed  out  earlier  in  the  paper  (p.  10),  more  or  less 
serious  accidents  happened  to  lower  the  egg  production  in  four  out  of 
the  eight  years  covered  in  the  investigation.  The  '* actual  averages" 
of  Table  5  give  the  lower  limit  to  the  egg  production  of  each  year. 
The  hens  could  not  have  produced  fewer  than  the  recorded  number  of 
eggs.  In  the  years  1902-3,  1903-4,  1905-6,  1906-7  they  probably 
would  have  produced  more  than  the  recorded  number  of  eggs,  had 
not  the*  various  accidents  occurred.  To  obtain  an  upper  limiting 
value  for  the  egg  production  of  each  of  these  years  we  must  add  an 
allowance  for  the  accident  so  great  that  it  can  only  be  regarded  as 
unreasonably  liberal.  Then  we  can  say  ,that  under  entirely  normal 
circumstances  the  average  egg  production  could  not  have  been  greatei 
than  that  given  by  the  modified  averages.  We  have  then  to  con- 
sider separately  the  allowances  to  be  added  to  each  year's  average. 

In  the  year  1902-3  (cf.  p.  16,  supra)  the  birds  are  stated  to  have 
molted  in  December  and  to  have  laid  very  few  eggs  in  that  and  the 
succeeding  month.  This  molting  was  attributed  to  too  heavy  feed- 
ing during  the  summer  and  early  fall  months.  As  a  matter  of  fact 
the  average  egg  production  of  the  147  birds  was  4.46  eggs  in  Decem- 
ber, 1902,  and  5.92  eggs  in  January,  1903;  76  birds  laid  in  December 
and  77  in  January — a  little  more  than  half  the  flock.  Now,  a  refer- 
ence to  Table  2  will  show  that  the  egg  production  of  the  50-bird  pens 
in  the  year  1905-6  was  the  highest  obtained  in  any  year  after  1901-2. 
Taking  into  account  the  number  of  birds  involved  it  ranks  highest, 
since  in  the  early  years  there  were  relatively  few  birds.  In  the  year 
1905-6  the  only  point  at  which  the  laying  can  be  regarded  as  abnor- 
mal is  in  April  and  May  (cf.  p.  18).  The  egg  production  in  the 
other  months  of  that  year  must  be  regarded  as  normal.  If,  then,  we 
add  to  the  1902-3  average  the  mean  egg  production  for  the  whole  of 
the  two  months  of  December,  1905,  and  January,  1906,  we  shall  have 
made  a  most  liberal  allowance  for  the  accident.  The  mean  Decem- 
ber, 1905,  (50-bird  pens)  production  was  9.90  eggs;  that  for  January, 
1906,  was  13.83  eggs.  We  may  then  add  23.73  eggs  to  the  1902-3 
actual  average,  giving  a  modified  average  of  159.15  eggs.  There  can 
be  no  question  that  this  figure  may  be  taken  as  a  safe  upper  limit  to 
this  year's  production. 

In  the  year  1903-4  the  only  disturbing  factor  in  the  records  is  that 
the  birds  were  not  moved  into  the  houses  until  December  6.  Hence 
they  lack  any  November  record,  and  also  that  for  the  first  five  days  in 
December.  The  average  production  for  the  month  of  December  was 
5.67  eggs.  Nevertheless,  in  order  to  establish  a  sufficiently  high 
upper  limit  to  the  year's  production,  we  may  add  to  the  actual  1903-4 
avierage  not  only  the  normal  average  production  for  the  whole  month 
of  November  (1905,  50-bird  pens),  but  also  one-half  of  the  normal 
average  production  of  December  (1905,  50-bird  pens).     This  gives 
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altogether  11.24  eggs,  making  the  modified  average  for  1903-4  129.14 
^gs.  There  is  no  valid  reason  for  adding,  as  a  modifying  factor, 
more  than  the  egg  production  of  (a)  the  month  during  which  the 
birds  made  no  records  and,  of  (6)  one-half  of  the  month  in  which  they 
misled  five  days. 

In  the  year  1905-6  all  the  conditions  were  normal,  and  the  egg  pro- 
duction was  exceptionally  high,  save  for  a  single  mishap,  which  is  said 
to  have  affected  the  April  and  May  totals  (cf.  p.  18,  supra).  There 
is  some  reason  for  thinking  that  only  a  small  allowance  should  be 
made  for  this  mishap.  The  mean  production  for  April  is  16.48  eggs 
and  that  for  May  11.42.  In  order  to  be  sure  of  a  sufficiently  high 
upper  limiting  value,  however,  we  may  add  50  per  cent  of  the 
recorded  production  of  each  of  these  months,  making  the  modified 
April  mean  16.48  +  8.24  =  24.72,  and  the  modified  May  mean  11.42  + 
5.71  =  17.13.  The  total  modifying  factor  to  be  added  to  the  actual 
mean  of  this  year  is  then  13.95  eggs,  making  the  modified  mean  154.09. 

In  1906-7  the  application  of  lice  killer  to  the  roosts  is  stated  to 
have  caused  a  very  serious  lowering  of  the  egg  production  in  the 
months  of  December,  1906,  and  January,  1907.  The  actual  aver- 
age egg  production  (50-bird  pens)  was  for  the  month  of  Decem- 
ber 4.97  eggs  and  for  January  5.70  eggs.  Inasmuch  as  there  is  no 
record  of  the  exact  date  when  the  lice  killer  was  applied,  we  are 
compelled  to  add  to  the  actual  egg  production  of  1906-7  as  a  modi- 
fying factor  the  normal  average  production  for  the  whole  of  the 
months  of  December  and  January  (based,  as  before,  on  1905  50-bird 
pen  records).  A  further  addition  must  be  made  to  allow  for  the 
fact  that  this  year's  records  are  only  for  eleven  months.  There  is 
no  record  for  October,  1907.  We  may,  as  in  the  other  cases,  add 
the  mean  production  for  this  month  of  the  1905-6  50-bird  pens. 
This  gives  us  the  modifying  term  29.53  eggs  and  as  the  modified 
average  142.77  eggs. 

With  the  actual  and  modified  averages  in  hand  we  may  inquire: 
What  has  been  the  general  trend  of  the  mean  annual  egg  production 
during  the  period  covered  by  the  investigation  ?  The  clearest  answer 
to  this  question  may  be  obtained  by  plotting  the  figures  in  the  fourth 
and  sixth  columns  of  Table  5,  and  then  striking  through  each  of  the 
two  zigzag  lines  so  obtained  the  best  fitting  straight  line,  as  deter- 
mined by  the  method  of  least  squares.  Such  a  diagram  is  given  in 
figure  9. 

The  equations  of  the  two  straight  lines  are  as  follows : 
Actual  averages,  y  =  148.48  — 3.10  x. 
Modified  averages,  y=  144.13  +  0.043  x. 

In  these  equations  y  denotes  the  mean  annual  egg  production  and 
X  the  year.  The  origin  of  x  is  taken  at  1898-99 — that  is,  one  abscissal 
imit  to  the  left  of  the  first  observation.  The  reason  for  so  taking 
the  origin  is  obvious. 
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Taking  the  line  of  the  actual  averages,  it  is  seen  that  during  the 
first  three  years  there  is  a  steady  rise  in  mean  egg  production.  The 
highest  mean  production  during  the  whole  period  of  eight  years  is 
in  1901-2.  From  this  year  on  the  line  drops,  reaching  a  very  low 
point  in  1903-4.  Rising  again,  the  line  reaches  a  second  maxiiqum 
(not  so  high,  however,  as  the  first)  in  1905-6.  The  next  3^ear,  1906-7, 
shows  the  lowest  average  production  of  any  year  in  the  experiment. 
The  general  trend  of  the  actual  averages  is  obviously  downward. 
This  is  clearly  shown  by  the  fitted  line  ab. 

Turning  to  the  line  of  the  modified  averages,  we  note  that,  while 
still  showing  the  same  individual  year  fluctuations,  its  general  trend 
is  almost  exactly  horizontal.  As  shown  by  the  equation  to  the 
straight  line  ac,  however,  there  is  an  extremely  slight  upward  tendency 
in  the  modified  averages.     It  is  so  small  as  to  be  entirely  negligible. 

Now,  the  truth  must  lie  between  these  two  lines  ab  and  ac.  One 
is  the  graduation  of  the  lower  limiting  values  for  each  year's  average 
production,  the  other  the  graduation  of  the  upper  limiting  values  of 
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Pig.  9.— Change  In  mean  annual  egg  production,  18a()-1907.    The  solid  lines  show  the  actual  averages 
and  hest-fittlng  straight  line;  the  broken  lines  the  modified  averages  and  l>est-fltting  straight  line. 

what  the  egg  production  might  have  been  had  not  particular  accidents 
occurred.  There  appears  to  be  but  one  possible  conclusion.  In  the 
period  from  1899  to  1907  the  general  trend  of  average  annual  egg 
production  has  been  downward.  During  the  period  there  have  been, 
as  would  of  course  be  expected,  fluctuations  up  and  down  in  indi- 
vidual years.  These  have  been  no  greater,  however,  than  might  be 
expected  as  purely  chance  phenomena. 

It  might  possibly  be  contended  that  we  should  reach  a  different 
conclusion  if  we  took  into  consideration  all  the  birds  of  the  years 
1904  to  1907,  instead  of  those  in  50-bird  flocks.  A  little  inspection 
of  Table  2  shows,  however,  that  if  the  mean  productions  of  all  the 
birds  of  these  last  three  years  were  to  be  used,  the  general  trend  of 
the  line  representing  the  change  of  the  mean  during  the  whole 
period  would  be  more  sharply  downward  than  it  is  in  figure  9.  This 
must  obviously  be  the  case,  because,  as  the  last  three  lines  of  Table  2 
show,  the  weighted  mean  of  the  means  is  in  each  case  very  consider- 
ably lower  than  the  50-bird  pen  mean  of  the  same  year. 
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The  discussion  of  the  relation  of  the  changes  in  mean  annual  egg 
production  to  the  method  of  breeding  practiced  is  deferred  to  a  later 
section  of  the  paper. 

CHANGES  IN  THE   VARIABILITY  OF  EGO  PRODUCTION. 

It  has  been  shown  that  in  spite  of  fluctuations  up  or  down  in 
particular  years  there  is  evidence  of  a  gradual  but  steady  change  in 
mean  egg  production  during  the  period  covered  by  the  breeding  inves- 
tigation. Is  there  any  evidence  of  a  similar  change  in  the  constants 
measuring  variability  in  efi:^  production?  On  a  priori  grounds  we 
should  expect  to  find  a  progressive  change  in  variability  because  of 
the  selection  practiced.  During  the  eight  generations  included  in  the 
investigation  the  immediate  ancestry  of  the  birds  was  strictly  selected. 
On  this  account  we  should  expect  a  reduction  in  variability  until  a 
minimum  had  been  reached."     Has  there  been  such  a  reduction? 

In  attempting  to  get  light  upon  this  matter  one  is  met,  as  before, 
by  the  difficulty  that  modification  ought  to  be  made  in  the  constants 
for  four  of  the  years  to  allow  for  the  accidents.  The.  matter  is  not 
quite  so  simple  in  the  case  of  the  variation-measuring  constants  as 
it  is  in  the  case  of  the  means.  The  problem  may  be  stated  as  follows: 
Let  ^  be  a  character  (say  egg  production  during  eleven  months) 
having  in  a  given  population  of  individuals  a  mean  value  of  m^  and 
a  standard  deviation  of  aj,  and  let  B  be  another  character  (say  one 
month's  egg  production)  of  the  same  population  having  a  mean 
given  by  m,  and  a  standard  deviation  given  by  a,.  What  will  be 
the  mean  and  standard  deviation  of  the  sum  of  these  two  characters 
A-\-B  in  the  same  population  ? 

We  have,  if  M  be  the  mean  and  2'  the  standard  deviation  of  the 
combined  characters, 

M=m^-\-m^ _ (i) 

and  

-^  =  V (^i'  +^2'  +2rij  a^a^.- (ii) 

where  r^  is  the  coefficient  of  correlation  between  A  and  B, 

Equation  (ii)  presents  a  number  of  points  of  interest  and  signifi- 
cance. In  the  first  place  it  is  seen  that  so  long  at  least  as  r^  is  posi- 
tive I  will  necessarily  be  greater  than  either  <7,  or  a^.  Now,  as  a 
matter  of  fact,  the  egg  production  of  each  single  month  is  positively 
correlated  with  the  total  j)roduction  for  the  year,  as  we  should  obvi- 
ously expect  it  to  be.  That  is,  r^^  is  in  this  case  always  positive. 
Hence,  if  we  raise  the  mean  e^^  production  of  the  year  by  adding  as 
a  modifying  term  the  production  of  one  or  more  months  we  shall  at 
the  same  time  increase  the  absolute  variability  in  annual  production 
as  measured  by  the  standard  deviation. 

«  For  a  full  discu>«iori  of  this  matter  j^ee  Pearson,  K.,  The  Law  of  Ancestral  Inher- 
itance.    Proceedings  of  the  Royal  So<'iety,  vol.  62,  pp.  386-412. 
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This  leads  to  another  consideration.  When  the  total  production 
of  one  group  of  hens  is  greater  in  a  given  time  than  that  of  another 
group  in  the  same  time  it  merely  means  that  the  aggregate  laying 
within  the  period  has  been  increased  in  one  lot  over  what  it  is  in  the 
other.  But,  according  to  (ii)  above,  this  means  that  at  the  same 
time  the  standard  deviation  will  be  greater  in  one  lot  than  in  the  other. 
In  other  words,  when  the  mean  egg  production  changes  we  should 
expect  the  standard  deviation  to  change  in  the  same  direction,  imless 
some  real  alteration  in  the  innate  variational  tendency  in  respect  to 
egg  production  has  occurred.  We  hence  must  conclude  that  if,  as 
in  the  present  case,  we  find  the  general  trend  of  mean  egg  produc- 
tion, and  at  the  same  time  that  of  the  standard  deviation  in  the 
same  character  to  be  downward,  we  are  not  justified  in  assuming 
from  the  standard  deviation  alone  that  there  has  been  any  progressive 
change  in  the  innate  variational  tendency.  We  may  expect  the  stand- 
ard deviations  to  become  smaller  for  the  same  reasons  that  the  means 
do.  The  practical  conclusion  is  that  judgment  of  changes  in  varia- 
tion in  egg  production  must  be  based  on  a  relative  measure,  such  as 
is  given  by  the  coefficient  of  variation. 

Further,  if  an  increase  in  mean  egg  production  means  an  increase 
in  the  standard  deviation  except  there  be  a  real  change  in  the  varia- 
tional tendency  of  the  population,  then  clearly  it  is  futile  to  modify 
the  standard  deviations  to  allow  for  accidents,  as  has  been  done  in  the 
case  of  the  means,  because  such  a  modification  is  purely  artificial 
and  represents  no  real  change  in  variational  tendency.  Hence  the 
coefficient  of  variation  will  be  unchanged  after  the  modification  of 
mean  and  standard  deviation  from  what  it  was  before.  *  To  show 
that  facts  accord  with  theory  on  this  point  an  actual  case  may  be 
cited. 

Table  6  gives  in  parallel  columns  the  values  of  the  chief  constants 
of  the  distributions  for  1904-5,  when  (a)  the  records  of  twelve  months' 
laying  (November  1,  1904,  to  October  31,  1905)  are  used,  and  when 
(b)  the  totals  of  the  first  eleven  months  of  the  same  laying  year 
(November  1,  1904,  to  September  30,  1905)  are  used. 

Table  6. — Egg  production  in  1904-''>. 


ConsUnt* 


fiO-bird  pens. 


(a)       I         (6) 
October  I  SepUniUjer 
totals.    I      totuls. 


Mean ,  134.  liO 

Median I  139. 17 

Mode '  149.  14 

Standard  deviation 49.  49 

Co«>iru'ient  of  variation I  3»».  77 

Skewness I  — .  21»4 


129.  41 
132.  90 
139.  71 
47.2r» 

3n.  ')1 

-.21.S 


lOO-bi 

rd  pens. 

(ft) 

IfiO-bl 
(a) 

rdpens. 

(a) 

(6) 

Octol)er 

8eptpnd)er 

October 

September 
totals. 

totals. 

totals. 

totals. 

133.  (U 

127. 18 

114.54 

107.96 

141.00 

140.25 

117.00 

lia67 

l.-w.  78 

KM5. :« 

121.93 

116.06 

49.  41 

45.  iK) 

53.04 

49.56 

3«i.  98 

3ti.  09 

46.31 

4&91 

-.449 

■  .854 

-.139 

-.164 

•  Probable  errors  are  not  piven  in  this  table,  since  they  are  already  piven  in  Table  2  for  the  constants  in 
the  (a )  coliinm.s,  an<l  those  in  the  (6)  colunius  will  obviotisly  be  of  substantially  thesanie  magnitude,  since 
the  ninulter  of  individuals  involved  remains  always  the  same. 
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From  the  table  it  appears  that  the  change  in  standard  deviations 
made  by  using  twelve  instead  of  eleven  month  distributions  is  almost 
exactly  proportional  to  the  change  in  the  means.  The  coefficients 
of  variation  are  not  sensibly  difTerent  in  the  two  cases.  The  results 
then  are,  first,  that  it  will  not  be  necessary  to  modify  the  standard 
deviations  to- allow  for  accidents,  and,  second,  that  conclusions  respect- 
ing variation  in  egg  production  must  be  drawn  from  the  coefficient 
of  variation  rather  than  the  standard  deviation. 

Taking  the  data  given  in  Table  2,  figure  10  has  been  prepared. 
It  shows  the  change  in  the  standard  deviations  during  the  eight 
years  covered  by  the  investigation.  In  the  last  three  years  the  con- 
stants for  the  50-bird  pens  are  used.as  in  the  case  of  the  means.  The 
straight  line  is  the  graph  of 

y  =  45.12-0.88x 

wherein  y  denotes  standard  deviation  and  x  number  of  years  from 
1898-99.  This  is  the  line  which  best  fits  the  observations,  as  deter- 
mined by  the  method  of  least  squares. 
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Fio.  10.— Changes  in  annual  egg  production.    Standard  deviations,  189^1907. 

The  general  trend  of  the  observations  as  brought  out  in  this  diagram 
is  obviously  downward.  However,  since  the  tendency  of  the  means 
was  downward  during  the  same  period,  it  can  not  be  concluded  that 
there  has  been  a  real  reduction  in  germinal  variability  in  respect  to 
annual  egg  production. 

Turning  to  the  coefficients  of  variation  and  using  the  data  in  Table 
2  as  before,  we  have  the  results  shown  in  figure  11.  The  constants 
of  50-bird  pens  are  used  in  the  last  three  years. 

As  in  the  other  ctisos,  a  straight  line  was  fitted  to  the  observations 
by  the  method  of  least  squares.  The  equation  to  the  line  is  in  this 
case 

y  =  30.56  + 0.039  X 

where  y  denotes  coefficient  of  variation  and  x  the  number  of  years 
from  1898-99. 

From  this  diagram  it  is  seen  that  the  lowest  relative  variability 
was  shown  in  the  year  1901-2  and  the  highest  in  the  year  1904-5. 
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A  second  minimum,  nearly  as  low  as  the  earlier  one,  occurs  in  1905-6. 
Finally,  the  variability  in  the  last  year  of  the  period  (1906-7)  is  very 
nearly  the  same  as  that  at  the  outstart  eight  years  before.  The 
fitted  straight  line  is  almost  exactly  horizontal;  in  fact,  the  change  in 
the  eight  years  is  a  little  less  than  0.3  of  a  unit.  The  slight  slope 
which  the  line  does  show  is  upward,  but  no  stress  can  be  laid  on  so 
small  a  change  on  account  of  the  values  of  the  probable  errors  con- 
cerned. The  general  conclusion  to  be  drawn  is  that  during  the  period 
covered  by  the  statistics  the  degree  of  variability  in  egg  production 
in  proportion  it)  the  mean  has  not  substantially  changed.  There  have 
been  rather  wide  fluctuations  during  the  period,  but  these  have  been 
as  frequent  and  great  in  one  direction  as  in  the  other. 


CHANGES   IN    OTHER   CONSTANTS. 


Nothing  in  particular  is  to  be  gained  by  a  special  examination  of 
the  changes  which  have  occurred  in  the  median  or  modal  egg  produc- 
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Fio.  11.— Changes  In  annual  egg  production.    Coefficients  of  variation,  1899-1907. 

tion  during  the  period  under  investigation.  Both  these  constants 
run  nearly  parallel  to  the  means,  since  the  skewness  is  negative 
throughout. 

It  is  of  some  interest  to  see  the  trend  of  the  skewness.  To  this  end 
figure  12  has  been  prepared.  The  data  are  taken  from  Table  2,  and 
the  50-bird  pen  constant-s  are  used  in  the  last  tliree  years.  The 
equation  to  the  straight  line  is 

t/=   -0.265- 0.0022  X 
where  y  denotes  the  value  of  the  skewness  and  x  has  the  same  signifi- 
cance as  in  the  other  similar  equations.    . 

The  individual  year  fluctuations  here  are  rather  marked,  but  there 
is  no  evidence  of  a  steady  progressive  change  in  the  degree  or  character 
of  the  asymmetry  of  the  curves.  The  fitted  straight  line  is  very  nearly 
horizontal. 

Another  matter  of  some  importance  is  to  determine  the  proportion 
of  extreme  variates  in  both  directions  to  the  total  number  of  birds 
kept  during  the  several  years  of  the  investigation.     In  this  connection 
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the  following  questions  present  themselves:  In  the  period  from  1899 
to  1907  did  the  number  of  very  exceptionally  high-laying  hens  in  pro- 
portion to  the  total  number  in  the  flocks  increase  or  diminish,  and  how 
great  was  the  change  ?  Similarly,  did  the  porportionate  number  of 
exceptionally  poor-laying  hens  increase  or  diminish,  and  by  what 
amount?  One  would  expect,  of  course,  in  view  of  the  selection  prac- 
ticed in  the  breeding,  that  in  successive  years  there  would  be  more 
"good''    layers  in  the    flock    and    fewer  "drones."     The    data  to 
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answer  these  questions  are  given  in  Table  7.  We  have  taken  as  an 
exceptionally  high-producing  hen  one  that  laid  195  or  more  eggs  in 
her  first  laying  year,  and  as  an  exceptionally  poor-laying  hen  one  that 
laid  less  than  45  eggs  in  her  first  laying  year.  The  fairness  of  these 
designations  can  hardly  be  questioned. 

Table  7  gives  for  each  year  the  percentage  (a)  of  birds  laying  less 
than  45  eggs  and  (&)  of  birds  laying  195  or  more  eggs.  In  the  last 
three  years  data  from  50-bird  pens  are  used. 

Table  7. — Percentage  of  the  flocks  laying  {A)  less  than  45  eggs,  and  (B)  195  or  more  eggs 

%n  a  year. 


Annual  egg  pro- 
duction. 


Less  than  45. 
105  or  more.. 


1899-190a 

1900-1901. 

1901-2. 

1902-3. 

1903-4. 

Percent. 

6.70 

.79 

1  Per  cent. 
4.29 
4.29 

Per  cent. 

1.18 
10.60 

Per  cent. 
0 

18.75 

Percent. 
1.3<> 
6.12 

50-bird] 


1904-5.    !    1905-«.       1906-7. 


Per  cent. ,  Per  cent. 
7.07  \  0.56 
12.71  5.06 


Per  cevt. 
4.81 
0 


The  facts  brought  out  in  Table  7  are  shown  graphically  in  figure  13, 
in  which  the  continuous  linos  show  the  change  in  the  percentage  of 
exceptionally  high  layers  in  the  successive  years  and  the  broken  lines 
the  change  in  the  percentage  of  very  poor  layers.  The  straight  lines 
are  the  graplis  of  the  following  equations,  deduced  by  the  method  of 
least  squares: 

Poor  layers:  y  =     1.795  +  0.3225x 
Good  layers:  y  =  11.639  -  0.966x 

In  these  equations  y  denotes  percentage  and  x  years  from  1898-99. 
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It  is  noted  at  once  from  figure  13  that  the  changes  in  the  propor- 
tionate numbers  of  exceptionally  good  layers  in  successive  years  very 
closely  parallel  the  changes  in  the  mean  annual  egg  production  as 
shown  in  figure  9.  In  1899-1900  a  little  over  4  per  cent  of  the  flock 
laid  over  195  eggs  in  the  year.  The  number  increased  in  1900-1901 
and  1901-2,  reaching  in  this  latter  y^ear  the  maximum  point  of  the 
whole  period.  This  maximum  was  a  high  one.  Nearly  19  per  cent  of 
the  flock  laid  195  eggs  or  over.  The  next  two  years  witnessed  a 
marked  decrease,  the  percentage  of  high  layers  reaching  in  1903-4 
less  than  1.  In  1904-5  there  was  another  rise  in  the  percentage,  with 
a  falling  off  again  in  1905-6  and  1906-7.  In  the  last  year  there  were 
no  birds  in  the  50-bird  pen  flocks  which  laid  195  eggs  in  the  year.  As 
is  shown  by  the  continuous  straight  line,  instead  of  there  having  been 
any  steady  increase  in  the  percentage  of  high-laying  birds  in  these 


zo 


/O 


% 


L 


/B99'00  /900'Ot   /$0/'aZ    t902-09   /903'04  /904'0S^  /9aS^-06   /90€'07 


Fio.  13.— Changes  in  percentages  of  extreme  varlates  In  egg  production,  1899-1907.  The  solid  line 
shows  the  percentage  of  birds  laying  over  195  eggs;  the  broken  line  the  percentage  of  birds  laying 
under  45  eggs. 

eight  years  there  has,  on  the  contrary,  been  a  distinct  decrease  in  the 
percentage. 

Turning  to  the  poor  layers,  it  is  seen  that  in  1899-1900  there  were 
exactly  the  same  number  laying  less  than  45  eggs  as  of  those  laying 
more  than  195.  The  percentage  fell  to  zero  in  1901-2,  but  during  the 
next  three  years  steadily  rose  until  in  1904-5,  7  per  cent  of  the  flock 
laid  fewer  than  45  eggs  in  the  year.  In  1905-6  there  was  a  drop, 
with  a  return  in  the  last  year  of  nearly  5  per  cent.  Taking  all  the 
figures  together,  it  is  obvious  that  the  only  conclusion  which  can  be 
drawn  is  that  at  the  beginning  of  the  selection  experiment  there  were 
relatively  few  extreme  ''drones"  in  the  flock;  all  the  available  evi- 
dence indicates  that  after  eight  years  of  selection  there  are  as  many  or 
more  such  than  there  were  at  tlie  beginning. 

Further  discussion  of  the  significance  of  these  changes  in  the  num- 
ber of  extreme  variates  is  deferred  until  a  later  section  of  the  paper  is 
reached. 
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VABIATION  IN  EQQ  PBODUCTION  IN  WHTTB  WYANDOTTE8. 

Up  to  this  point  we  have  discussed  the  variation  in  annual  egg  pro- 
duction of  the  Barred  Plymouth  Rocks  only.  As  was  pointed  out  in 
the  introduction,  the  Maine  station  egg  records  also  furnish  some  data 
on  the  same  matter  for  White  Wyandottes.  To  the  discussion  of 
these  data  we  may  next  turn. 

The  raw  material  for  the  White  Wyandottes  is  given  in  Appendix 
I,  Table  II.  The  grouped  frequency  distributions  (absolute  and  per- 
centage) are  given  in  Table  8. 

Table  8. — Frequency  distributions  for  variation  in  annual  egg  production  of  White 

Wyandottes. 


1899-1900. 

1900-1901. 

1901-2. 

Eggs  laid. 

Absolute 
frequency. 

Percentage 
frequency. 

Absolute     Percentage 
frequency,    frequency. 

Absolute 
frequency. 

1 

Percentage 
frequency. 

OtoU 

1 
1 
1 

1.43 
1.43 
1.43 

3.03 

15  to  29 - 

' 

30  to  44 

1 
2 
5 
6 
4 
7 
8 
9 
12 
7 
4 
4 
1 

1.39 
2.78 
6.94 
8.33 
5.56 
9.72 
11.11 
12.60 
16.67 
9.72 
6.66 
6.56 
1.30 

45  to  50    

1 

1  1              3.03 

60  to  74 

6  1             7. 14 
5,             7.14 

8  I             8.67 

9  1           12.86 
11  ;           15.71 

7'           10.00 
6               8.57 
10,           14.29 
2               2.86 
4               6.71 
2               2.86 

75  to  89    

2  1              6.06 

90  to  104 

105  to  119    

6  '             15wl5 

120  to  134 

7               21. 21 

135  to  149 

8  1             24.24 

150  to  164 

6  ;             1&18 

165  to  179 

180  to  194 

3                 9.09 

195  to  209 

210  to  224 

225  to  239 

2                2.78 

Total 

70            100. 00 

72  .          100.01 

1 

33               99.99 

It  will  be  evident  at  once  from  Table  8  and  the  detailed  statistics 
given  in  the  Appendix  that  the  general  features  of  variation  in  egg 
production  are  very  similar  in  White  Wyandottes  to  what  we  have 
already  found  for  Barred  Plymouth  Rocks.  The  range  of  variation 
is  substantially  the  same  in  the  two  cases.  As  before,  the  number 
of  observations  is  in  each  case  too  few  to  fill  this  range  with  anything 
approaching  a  smooth  frequency  distribution.  It  is  further  apparent 
that  there  is  a  general  tendency  toward  negative  skewness  in  these 
as  in  the  Barred  Plymouth  Rock  distributions. 

The  chief  physical  constants  for  the  distributions  of  Table  8  are 
given  in  Table  9. 

Table  9.  —Constants  of  variation  in  egg  production^  White  Wyandottes. 


Laying  year. 


Mean. 


1899-1900 !  130.134:3.64 

1900-1901 1  135.43±3.54 

1901-2 1  130.36i4.37 


Median. 


12S.50±4.66 
139.  50  ±4. 44 
137.  60±5. 48 


Mode. 


Standard      CoefHclent 
deviation.   ,  of  variation. 


125.24 
147.64 
151.  77 


Skewness. 


45.15-^2.57  34.69:ir2.20  +0. 108±0.097 
44.53+2.50  i  32.S8±2.04  ,-  .274±  .091 
37.  22  h  3. 09     28.  55 ±2.  56   -  .575  ±  .102 


76208— Bull.  110,  pt  1—09- 
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From  Table  9  we  note  the  following  points: 

1.  The  mean  annual  production  of  the  White  Wyandottes  is  lower 
in  each  of  the  three  years  than  is  that  of  the  Barred  Plymouth  Rocks 
(Table  2)  in  the  same  year.  It  is  extremely  doubtful,  however, 
whether  this  can  be  taken  to  represent  a  true  varietal  difference  from 
wliich  to  conclude  that  White  Wyandottes  are  poorer  layers  than 
Barred  Plymouth  Rocks.  There  are  several  reasons  which  make  such 
a  conclusion  too  doubtful  to  carry  any  weight.  In  the  first  place,  the 
number  of  birds  involved  is  too  small.  Further,  there  is  no  assurance 
that  the  same  method  of  feeding  is  as  well  suited  to  egg  produc- 
tion in  the  case  of  White  Wyandottes  as  in  the  case  of  Barred  Ply- 
mouth Rocks.  Further,  there  is  reason  to  believe  that  in  subsequent 
years  the  descendants  of  the  station  strain  of  White  Wyandottes 
came  to  have  a  mean  annual  egg  production  as  high  or  higher  than 
that  of  the  station  Barred  Plymouth  Rocks.  This  statement  is  based 
on  a  verbal  communication  to  the  writer  by  Prof.  Gilman  A.  Drew,  of 
the  University  of  Maine,  who  bred  these  White  Wyandottes  after  the 
station  dropped  them. 

2.  The  WTiite  Wyandottes  show  substantially  the  same  degree 
of  individual  variability  in  annual  egg  production  as  do  the  Barred 
Plymouth  Rocks. 

3.  In  two  of  the  three  years  the  distributions  show  negative  skew- 
ness,  just  as  in  all  cases  with  the  Barred  Plymouth  Rocks.  In  the 
first  year  the  skewness  is  positive,  but  its  amount  is  so  small  and  the 
number  of  individuals  involved  is  so  small  that  no  particular  signifi- 
cance is  to  be  attached  to  this  exception  to  the  usual  rule  for  curves 
of  variation  in  egg  production. 

The  conclusion,  so  far  as  any  may  be  drawn  from  the  limited  data 
at  hand,  is  that  the  general  features  of  variation  in  annual  egg  pro- 
duction appear  to  be  substantially  the  same  in  White  Wyandottes 
and  Barred  Plymouth  Rocks. 

Eaa  PRODUCTION  ur  other  breeds  of  fowls. 

Reliable  and  extensive  statistical  data  regarding  egg  production  are 
exceedingly  rare  in  the  literature.  Furthermore,  whenever  any  such 
records  have  been  published  it  has  almost  invariably  been  the  custom 
not  to  give  detailed  statistics  for  individual  birds,  but  rather  flock 
averages  based  on  larger  or  smaller  numbers.  From  such  material 
it  is  obviously  impossible  to  learn  anything  regarding  variation  in  egg 
production.  While  this  fact  is  greatly  to  be  regretted,  there  are  cer- 
tain points  of  interest  to  be  gained  by  a  comparative  study  of  egg- 
production  averages. 

A  question  which  will  have  occurred  to  the  reader  is  as  to  how  the 
average  annual  productions  shown  in  the  different  years  by  the  pres- 
ent statistics  compare  with  the  experience  of  others  regarding  egg 
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production  with  other  breeds  of  fowls  and  under  different  environ- 
mental conditions.  Fortunately  there  is  an  abundance  of  data  from 
wliich  light  may  be  gained  on  this  question.  For  some  years  past 
there  have  been  conducted  at  various  places  in  Australia  egg-laying 
competitions  in  which  exact  records  of  the  number  of  eggs  laid  by  pens 
of  various  breeds  have  been  kept.  The  most  extensive  and  thorough 
of  these  tests  have  been  carried  out  by  the  Hawkesbury  Agricultural 
College  and  Experimental  Farm  at  Richmond,  New  South  Wales. 
The  data  which  that  institution  has  accumulated  on  egg  production 
are  of  great  value.  It  is  the  fashion  among  poultrymen  in  this  coun- 
try to  discredit  these  Australian  egg-laying  competitions  and  to  aver 
that  the  published  records  of  their  results  are  wholly  untrustworthy. 
The  authors  of  the  present  paper  have  very  carefully  studied  the  pub- 
Hshed  reports  of  these  contests  and  can  find  no  evidence  that  those 
conducted  at  or  under  the  direction  of  agricultural  colleges  or  gov- 
ernment experimental  farms  (e.  g.,  Hawkesbury  and  Rockdale  com- 
petitions) at  least,  have  not  been  carried  out  in  a  strictly  scientific 
spirit  and  in  a  manner  well  calculated  both  to  accumulate  accurate 
scientific  data  on  egg  production,  and,  as  judged  by  the  results,  to 
give  data  which  are  valuable  from  the  purely  practical  point  of  view. 
We  can  see  no  more  reason  on  a  priori  grounds  for  repudiating  the 
data  from  these  contests  than  one  would  have  in  repudiating  any  other 
quantitative  data  published  by  an  Australian  college  or  university. 

It  may  be  well  to  state  briefly  the  manner  in  which  these  contests 
were  carried  out.  The  Hawkesbury  competitions  may  be  taken  as 
t3rpes.  The  unit  of  the  competition  is  a  pen  of  six  birds  of  the  same 
breed.  Intending  competitors  send  the  birds  they  wish  to  enter  at  a 
specified  time  to  the  college  authorities.  Each  pen  of  six  has  a 
separate  house  and  yard.  All  yards  and  houses  are  of  the  same  size. 
The  birds  are  cared  for  throughout  the  year,  and  the  egg  records  are 
kept  by  an  official  of  the  college.  The  attempt  is  made  to  locate 
each  house  and  yard  in  such  way  that  the  environmental  conditions 
shall  be  as  nearly  as  possible  identical  for  all  birds  in  the  competition. 
One  would  judge  from  the  photographs  and  descriptions  which  have 
been  published  that  this  ideal  of  environmental  uniformity  has  been 
unusually  well  attained.  At  the  inauguration  of  the  first  of  these 
contests  the  following  regulations  for  its  conduct  were  drawn  up:" 

1.  The  competition  to  commence  on  the  Ist  of  April  and  extend  to  the  30th  of 
September,  &  a  period  of  six  months  calendar. 

2.  The  competitors  will  be  bound  to  pen  their  birds  during  March,  each  pen  to 
consist  of  six  pullets  or  hens  of  any  age,  no  male  birds  to  be  included. 

3.  All  birds  to  be  bred  by  the  competitor. 

"  Agricultural  Gazette  of  New  South  Wales,  Vol.  XVIII,  p.  522.     1907. 
b  The  reader  will  not  overlook  the  fact  of  the  reversal  of  the  seasons  in  the  southern 
hemisphere.    This  first  contest  was  a  winter  egg-laying  competition. 
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4.  All  birds  to  be  examined  by  the  poultry  expert  on  arrival  at  the  college,  and 
any  found  to  be  suffering  from  infectious  or  contagious  disease  to  be  rejected ;  in  the 
event  of  a  bird  dying,  the  competitor  to  be  allowed  to  replace  it. 

5.  All  eggs  to  become  the  property  of  the  department  of  agriculture. 

6.  All  competition  to  be  decided  by  the  greatest  total  number  of  eggs  laid  by  each 
pen,  eggs  under  1}  ounces  not  to  count. 

7.  The  market  value  of  the  ^gs  laid  to  be  recorded  and  the  weight  of  eggs  from 
each  pen,  and  prizes  given  for  the  greatest  aggregate  weight. 

8.  Records  to  be  kept  of  the  total  quantities  of  the  various  feeds  consumed  and  the 
average  cost  per  head. 

After  the  first  contest,  rule  1  was  changed  to  include  a  period  of 
one  year  in  the  test.  Later  rule  2  was  also  changed  in  the  direction 
of  restricting  the  age  of  competing  birds,  so  that  the  year  of  the  test 
was  the  bird's  pullet  year  in  each  case. 

From  the  standpoint  of  the  scientific  study  of  egg  production 
there  is  one  point  open  to  serious  criticism  in  these  Australian 
statistics.  It  lies  in  the  fact  that  no  account  is  kept  of  the  performance 
of  individual  birds.  The  pen  instead  of  the  individual  is  made  the 
unit.  This  obviously  detracts  considerably ,  from  the  scientific 
availability  of  the  statistics.  Another  point  which  is  somewhat  open 
to  criticism  is  that  involved  in  the  last  clause  of  rule  4,  which 
states  that  in  event  of  a  bird  dying  the  owner  may  replace  it  with 
another.  This  procedure,  however,  probably  does  not  seriously 
affect  the  averages  for  comparative  purposes.  The  mortality  is 
stated  to  have  varied  in  the  five  yeiars  of  competition  at  the  Hawkes- 
bury  College  between  3  and  9  per  cent.  Further,  the  plan  of  replacing 
each  hen  that  dies  with  another  will  give  averages  for  yearly  pro- 
duction which  we  have  ascertained  to  be  very  closely  comparable 
with  those  of  this  paper  which  exclude  the  dead,  i.  e.,  which  count 
only  birds  which  laid  during  the  whole  year.  The  reason  for  this  is 
apparent.  Suppose  a  hen  dies  after  having  laid  during  three  months. 
If  her  record  is  included  with  that  of  birds  completing  twelve  months' 
laying,  its  effect  will  obviously  be  to  lower  the  flock  average.  Suppose, 
however,  that  when  she  dies,  her  place  is  taken  and  the  twelve 
months  completed  by  another  bird  of  the  same  age,  and  the  two  are 
counted  as  one  bird  laying  twelve  months.  The  effect  on  the  flock 
average  will  obviously  be  to  make  it  very  close  to  what  it  would  have 
been  if  the  first  bird  had  not  died.  The  only  difference  which  can  be 
produced  is  that  which  will  arise  if  the  second  bird  is  a  distinctively 
better  or  poorer  layer  than  the  one  she  replaces.  With  a  small 
mortality,  and  any  care  whatever  in  the  selection  of  birds,  the  effect 
on  flock  averages  must  be  so  small  as  to  be  practically  negligible. 
For  purposes  of  comparison  with  our  own  statistics,  in  which  only  the 
birds  laying  the  full  twelve  months  are  included,  it  is  much  better 
that  dead  birds  should  be  replaced  than  not. 

The  following  example  will  show  how  small  is  the  effect  produced 
on  the  mean  production  by  substituting  birds  for  those  that  die. 
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From  the  records  for  1905-6  we  first  chose  six  birds  quite  at  random. 
This  was  done  by  taking  every  twentieth  bird,  beginning  with  No.  23, 
i.  e.,  Nos.  23,  43,  63,  83,  103,  and  123.  Now,  let  us  suppose  that  two 
of  these  birds,  say  Nos.  43  and  83,  died  during  the  year  of  the  test, 
and  assume  that  No.  43  died  January  31  and  No.  83  July  31.  Now 
assume  that  the  laying  year  of  each  of  these  two  birds  was  completed 
by  another  bird  taken  at  random  from  the  flock.  How  will  the  average 
of  the  six  birds  for  the  year,  provided  the  substitutions  are  made, 
differ  from  what  it  would  have  been  supposing  the  two  birds,  43  and 
83,  to  have  completed  their  year  for  themselves ?  For  the  substituted 
birds  two  numbers  were  written  down  at  random.  They  were  Nos. 
494  and  251.    We  have  the  following  figures: 


Bird  N06. 

Actnal  lav- 
ing of  birda 

during 
whole  year. 

152 
IW 
111 
124 

Until  time  of  assumed 

death,  laying  of  two  birds 

assumed  to  have  died 

was— 

Substituted 

birds  laid,  from 

assumed  time 

of  death  to  end 

of  year- 

Assuming 
that  sub- 
sUtuted 

birds 

finished 

jrearfor 

those  dying 

the  laying 

was— 

23 

IS2 

43 

Laying  to  Jan.  31, 33 

ly  (No.  4M).... 

146 

63 

111 

83 

LAying  to  July  1, 116 

27(Ne.251) 

143 

103 

181 
147 

181 

123.               .         .              .            • 

147 

Total 

874 

880 

Average  production  with  no  death  occurring,  145.67  eggs. 

Average  production  assuming  that  two  birds  died  and  that  other  birds  completed 
the  year  for  them,  146.67  eggs. 

The  difference  between  the  two  averages  is  obviously  insignificant. 

For  purposes  of  comparison  and  illustration  some  of  the  data 
obtained  in  these  Australian  contests  may  be  introduced  here. 

The  results  of  the  fifth  and  most  recent  Hawkesbury  competition" 

which  are  of  significance  for  our  present  inquiry  are  reproduced  in 

Table  10. 

Table  10. — Average  annual  egg  production  of  various  breeds, 

[Data  obtained  In  fifth  annual  egg-laying  competition  conducted  by  the  Hawkesbury  Agricultural  Col- 
lege, New  South  Wales.] 


Breed. 


Cuckoo  Leghorns 

Laogshans 

Black  Orpingtons 

S.  C.  Brown  Leghorns. 
S.C.White  Leghorns. 
R.  C.  Brown  Leghorns 
R.  C.  White  Leghorns. 
Golden  Wyandottes. . . 

Silver  Wyandottes 

Minorcas 

Rhode  Island  Reds — 


No.  of 
birds. 


!    Average 
egg  produc- 
tion per 
hen  in  first , 
laying  year.  I 


6 

18  I 
120 

30 
138 

12  ' 

12 

12 
126  . 

24  . 


190. 16 
188.88  I 
178.  41 
177.00 
174.93 
17a  50 
172.66 
17L33 
170.61 
168.91  I 
166.66  I 


Breed. 

No.  of 
birds. 

6 
12 
18 

Average 

hen  in  first 
laying  year. 

Partridge  Wyandottes 

Buff  Wyandottes 

164.16 
163.76 

Buff  Leghorns 

160.65 

White  Wyandottes 

Blnok  lieghoms .  . 

18 
24 
6 
6 
3 

150.11 
146.70 
138.33 

Iloudans 

Faverolles 

Total 

137.33 
126.66 

697 

171 

a  Loc.  cit.,  p.  632. 
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Similar  data  from  the  second  Rockdale  competition'  are  pre- 
sented in  Table  11,  in  which  the  averages  given  have  been  calculated 
from  the  raw  data  given  in  the  report  of  the  contest. 

Table  11. — Averaqe  annual  egg  production  of  rarious  breeds. 
[DaU  ohuined  In  second  annnal  Rockdale  eg-iaying  onmpntition.] 


Avtngt 
n«^  ■    X«o'        Total      ^^^ 


Avtngt 

roduciion 

uerbenin 

nist  laying 


Brown  Lflfrhoms ^ 24  5, 100  212. 50 

White  Wyandolt«!« 18  3.7fi5  20a  17 

AmJaJusiaiiii 6  1.255  209.17 

WhIteLeghoms 96  19,763'  a06L*> 

Iloudans 6  1,196!  199.33 

Minoreas 6  1,174.  193l67 

hlack  OrpinKUms 9«>  18,459  192-2S 

Silver  Wyandotu-ji 78  14.748  189-0& 

K.C.Minorras 6  1,116  1».00 

Buff  Orpinirtoiis 18  3,097  172.0fi 

Lantisb'daa 6             774  129.00 

Total 360      «70,447  19at« 

a  This  total  is  incorrectly  given  as  70,437  in  the  original  table  (loc.  cit.,  p.  506). 

From  these  tables  it  will  be  noted,  first,  that  an  annual  egg  pro- 
duction very  considerably  higher  than  anything  observed  in  the 
experience  of  the  Maine  station  is  possible  even  with  large  numbers 
of  birds.  Averages  of  205.86  eggs  for  96  White  Leghorns  and  192.28 
eggs  for  the  same  number  of  Black  Orpingtons  (Table  11)  are  far  in 
excess  of  any  American  experience  of  which  the  authors  are  aware. 
It  must,  of  course,  always  be  kept  in  mind  that  these  Australian 
averages  are  from  selected  birds,  but  also  (in  the  case  of  figures  here 
given)  that  the  selection  is  made  in  advance  of  any  direct  test  of  the 
laying  capacity  of  the  selected  birds.  To  be  able  to  select  from  a 
flock  of  pullets  which  have  not  yet  begun  laying  a  pen  of  individuals 
capable  of  making  an  annual  average  such  as  those  we  find  in  these 
Australian  statistics  would  certainly  seem  indicative  of  high  laying 
capacity  in  the  general  flock.  As  a  further  illustration  of  this  point 
we  may  cite  a  specific  instance.  In  the  second  Rockdale  competi- 
tion (Table  11)  the  highest  single  pen  consisted  of  6  White  Leghorns. 
In  the  year  they  laid  1,473  eggs,  making  an  average  of  245.5  eggs 
per  bird.  Now,  as  an  examination  of  Table  I  of  the  appendix  will 
show,  if  we  select,  a  posteriori,  the  6  best  laying  birds  which  have 
been  found  in  the  whole  eight  years  covered  by  our  statistics,  we  get 
the  figures  on  the  opposite  page. 

aL(X\  cit.,  pp.  591-C91. 
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Eggs  laid. 

1899-1900 237 

1901-2 240 

1904-5 234 

1904-6 234 

1904-5 248 

1905-6 246 

Total 1,439 

.These  figures  give  an  average  per  bird  of  239.83.  Or,  in  other 
words,  taking  the  6  best  laying  birds  that  have  ever  appeared  in  the 
Maine  station's  Barred  Plymouth  Rock  flocks,  their  average  annual 
laying  is  nearly  six  eggs  lower  than  that  of  the  best  pen  in  the  par- 
ticular Australian  competition  cited.  In  general  we  must  conclude 
that  the  strain  of  Barred  Plymouth  Rocks  with  which  we  are  dealing 
can  not  be  regarded  as  an  exceptionally  high  egg-producing  one  in 
comparison  with  other  strains  and  breeds. 

A  question  which  constantly  recurs  to  the  mind  of  one  studying 
the  problem  of  egg  production  is:  How  does  the  egg  production  of  the . 
"improved''  strains  and  breeds  of  the  present  day  compare  with  that 
of  the  domesticated  fowl  of  earlier  times  ? 

It  is  the  common  opinion  that,  with  the  greater  attention  which 
has  been  paid  in  recent  years  to  poultry  raising  as  a  definite  and  inde- 
pendent branch  of  agriculture,  there  has  been  a  great  improvement  in 
the  so-called  "utility"  points  of  the  domestic  fowl.  There  have 
unquestionably  been  great  improvements  made  in  the  last  twenty- 
five  years  in  the  management  of  poultry.  Equally  there  can  be  no 
doubt  that  with  this  improvement  in  methods  of  management  there 
has  been  a  decided  betterment  in  the  general  average  condition,  in 
respect  to  "utility"  points,  of  the  domestic  fowl.  It  is  not  so  clear, 
however,  whether  within  modem  times  there  has  been  any  marked 
amelioration  in  the  innate  qualities  on  which  high  egg  production 
depends.  This  may  at  first  sight  appear  to  be  an  unwarranted  state- 
ment. A  study  of  the  available  evidence,  however,  we  believe,  can 
only  lead  to  the  position  of  doubt  on  the  question  just  expressed 

It  should  be  understood  clearly  that  the  question  is  not  as  to 
whether,  for  example,  the  average  egg  production,  within  a  given 
period,  of  hens  in  general  is  at  the  present  time  greater  than  it  was 
fifty  or  a  hundred  years  ago.  It  undoubtedly  is.  Rather,  the  sig- 
nificant point  is  whether,  if  a  given  lot  of  hens  of,  say  a  century  ago, 
had  been  fed,  housed,  and  handled  in  the  same  way  that  our  so-called 
best  laying  strains  are  to-day,  their  egg  production  would  not  have 
been  substantially  the  same  as  that  of  the  present-day  flock.     The 
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answer  to  this  question,  so  far  as  egg  production  is  concerned,  is  by 
no  means  certain.* 

The  difficulty,  of  course,  lies  in  getting  adequate  and  trustworthy 
evidence  as  to  the  egg-producing  ability  of  fowls  in  any  but  the  most 
recent  times.  In  the  older  literature  one  finds  plenty  of  statements 
that  such  and  such  a  breed  is  ''noted  for  its  excellence  in  laying," 
and  the  like,  but  any  precise  statement  as  to  the  criterion  of  ''excel- 
lence in  laying"  then  in  vogue  is  almost  invariably  wanting.  Fur- 
ther, when  numerical  data  are  given  they  demand  the  most  careful 
scrutiny  before  they  can  be  accepted,  because  too  often  it  appears 
from  the  context  that  the  recorder  has  some  personal  interest  in 
making  the  ^gg-production  record  a  high  one.  In  such  cases  the 
data  must  obviously  be  taken  with  a  grain  of  salt.  We  have  been 
able,  however,  to  find  a  few  definite  records  of  egg  production  in  ear- 
lier times,  which  appear  to  be  in  every  respect  trustworthy.  There 
is  no  more  reason  to  doubt  their  accuracy  than  there  is  to  doubt  the 
accuracy  of  any  quantitative  data  of  the  same  period.  A  few  such 
records  may  be  cited. 

In  the  Journal  of  Agriculture  (English),  Volume  XI,  pages  339  and 
340,  the  following  detailed  records  of  egg  production  are  given,  on  the 
authority  of  the  editor,  in  an  article  on  artificial  hatching: 

Produce  of  three  Poland  pullets  hatched  in  the  preceding  June,  from  December  J,  1835,  to 

December  1,  18S6. 

Eggs  laid.  Eggs  laid. 

December 12     July 56 

January 50  j  August : 55 


February 48 

March 50 

April 54 

May 55 

June. 56 


September 55 

October 26 

November 9 

Total 624 


These  figures  give  as  an  average  production  for  the  year  174.67 
eggs  per  bird,  certainly  a  very  creditable  performance.  We  can  dis- 
cover no  reason  for  doubting  the  accuracy  of  these  figures.  They  are 
not  presented  as  in  any  way  exceptional,  but  rather  so  far  as  can  be 
judged  from  the  context,  as  a  definite  numerical  statement,  by  way 
of  illustration,  of  what  any  poultry  raiser  might  reasonably  expect  the 
performance  of  his  hens  to  be  under  ordinarily  favorable  conditions. 

a  It  is  of  course  certain  if  the  inquiry  concerns  iteelf  with  the  so-called  "show" 
points  of  poultry,  such  as  *  *  shape, "  "  feather, ' '  color,  and  the  like.  In  respect  to  these 
characters  fanciers  have  wonderfully  improved  all  the  standard  breeds.  A  glance 
at  the  plates  in  such  works  as  Tegetmeier's  Poultry  Book,  for  example,  affords  suflB- 
cient  evidence  of  the  improvement  here. 
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Another  statement  of  the  same  general  tenor  is  to  be  found  in  an 
''Essay  on  the  rearing  and  management  of  poultry"  by  William 
Trotter,  published  in  the  Journal  of  the  Royal  Agricultural  Society 
in  1851  (vol.  12,  pp.  161-202).  The  essay  was  awarded  a  prize  by 
the  Royal  Agricultural  Society  in  the  year  mentioned,  and  hence,  we 
may  feel  reasonably  sure,  was  subjected  to  careful  and  critical  scru- 
tiny before  publication.  It  seems,  under  the  circumstances,  alto- 
gether unlikely  that  any  serious  misstatement  of  fact  would  have 
occurred  in  the  esfeay  in  the  first  instance,  or  if  it  had  occurred,  would 
have  been  allowed  to  pass  into  print.  On  page  169  Ooc.  cit.)  the  fol- 
lowing statement  is  to  be  found:  ''Hens  of  the  best  laying  varieties 
will  lay  in  a  season  from  160  to  270  eggs  each,  averaging  215."  If 
any  credence  whatever  is  to  be  put  in  this  statement,  it  would  appear 
to  indicate  that  as  high  egg  production  as  any  that  we  know  now  was 
regarded  as  at  least  possible  fifty  years  ago. 

In  another  essay  which  was  awarded  a  prize  by  the  Royal  Agricul- 
tural Society,  and  was  published  in  the  journal  of  that  society  in  the 
year  1867  (series  2,  vol.  3,  pp.  520-532)  a  still  more  definite  and  pre- 
cise statement  respecting  egg  production  is  to  be  found.  The  essay 
is  by  Mrs.  F.  Somerville,  and  its  title  is  "On  the  rearing  and  manage- 
ment of  poultry  on  an  ordinary  farm."  The  same  conclusions  as 
were  reached  concerning  Mr.  Trotter's  essay  appear  to  apply  regard- 
ing the  trustworthiness  of  statements  in  this  latter  one.  On  page 
532  (loc.  cit.)  it  is  stated  that  in  one  year  "  104  hens  produced  13,739 
eggs  exclusive  of  those  set^  This  leads  to  an  average  production  per 
hen  of  132.11  eggs  in  the  year.  The  author  goes  on  to  state  that  the 
104  hens  "reared  372  chickens,  besides  hatching  the  ducks  and  guinea 
fowls."  Now,  assuming  that  it  took  but  400  eggs  to  produce  372 
chickens,  we  have  the  total  egg  production  14,139  in  the  year.  This 
gives  an  average  of  just  under  136  eggs.  This  can  only  be  regarded 
as  comparing  very  favorably  indeed  with  the  best  of  our  modem 
records  of  egg  production  in  equally  large  flocks,  especially  when  it  is 
considered  that  these  hens  had  to  do  all  the  incubating  of  at  least  372 
hen  eggs,  79  duck  eggs,  and  42  guinea-fowl  eggs,  these  being  the 
numbers  of  each  hatched. 

We  have  a  number  of  other  references  to  statements  similar  to 
those  quoted,  but  what  have  been  given  will  suffice  for  our  present 
purpose.  They  show  that  there  is  trustworthy  evidence  that  at 
about  the  middle  and  the  first  half  of  the  last  century  there  existed 
individual  birds  and  flocks  of  poultry  whose  ability  as  egg  producers 
was  at  least  the  equal  of  that  to  be  found  in  poultry  at  the  present 
time. 


a  Our  italics. 
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THB  INFLUENCB  OF  CBBTAIN  HOTTSINa  CONDITIONS  ON  ANNTTAI« 

SOO  PBODXTCnON. 

As  has  been  noted  earlier  in  this  paper  (p.  17),  there  has  been  con- 
ducted during  the  last  three  years  covered  by  our  statistics  an 
experiment  to  determine  the  influence  of  size  of  flock  and  amount  of 
floor  space  per  bird  on  egg  production.  The  general  plan  of  this  ex- 
periment has  already  been  described  and  need  be  only  briefly  reviewed 
here.  The  birds  in  the  experiment  were  handled  in  flocks  of  50,  100, 
and  160.  The  pens  were  so  constructed  that  in  the  flocks  of  50  and 
100  birds  there  was  an  allotment  of  4.8  square  feet  of  floor  sj^ace, 
while  in  the  flocks  of  150  birds  there  was  an  allotment  of  3.2  square 
feet  of  floor  space  per  bird.  The  general  plan  of  construction  of  the 
houses  in  which  these  birds  were  kept  throughout  the  course  of  the 
experiment  has  been  fully  described  in  earlier  publications"  and 
need  not  be  taken  up  again  here.  The  data  accumulated  in  this 
experiment  furnish  evidence  on  two  different  questions.  In  the  first 
place,  we  have  data  on  the  influence  of  the  number  of  birds  associated 
together  in  one  pen  on  the  egg  production  when  the  floor  space  per 
bird  is  the  same.  Evidence  of  this  sort  one  can,  of  course,  get  by 
comparing  the  egg  records  for  50-bird  pens  and  100-bird  pens.  In 
addition  there  are  data  on  the  further  question  of  the  influence  of 
amount  of  floor  space  per  se  on  the  egg  production  when  one  brings 
into  the  comparison  the  1 50-bird  pens. 

In  conducting  this  experiment  on  the  influence  of  floor  space  on 
egg  production  great  care  has  been  exercised  to  make  constant  all 
conditions  other  than  housing.  The  birds  used  in  the  experiment 
have  all  been  of  substantially  similar  breeding.  They  have  been  in 
every  case  birds  bred  from  mothers  laying  between  160  and  199  eggs 
in  a  year  and  from  fathers  whose  mothers  and  earlier  ancestors  in  the 
female  line  were  birds  laying  200  or  more  eggs  in  their  first  laying 
year.  Furthermore,  in  sorting  the  birds  into  the  various  pens  in  the 
fall  of  each  year  great  care  has  been  taken  to  make  a  pro  rata  dis- 
tribution of  the  pullets  of  different  qualities  in  the  different  pens. 
Thus,  for  example,  the  pullets  on  the  range  would  be  examined  and  the 
very  best  of  them  selected,  then  this  selected  group  would  be  appor- 
tioned in  the  proper  proportion  to  the  different  pens  in  the  experi- 
ment. The  lOO-bird  pens  would  receive  twice  as  many  of  this  class 
of  birds  as  did  the  50-bird  pens  and  the  1 50-bird  pens  three  times  as 
many.  Then  the  second  choice  would  be  made  of  the  pullets  on  the 
range,  and  these  again  divided  among  the  houses  in  the  same  propor- 
tional manner.  This  procedure  assured  as  even  distribution  of  birds 
in  the  several  components  of  the  experiment  as  probably  could  in  any 
way  be  obtained. 

o  Maine  Apjricult.ural  Experiment  Station  Bulletin  100  and  Bureau  of  Animal 
Industry  Bulletin  90. 
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It  is  the  purpose  at  this  point  to  discuss  the  results  of  this  floor- 
space  experiment  only  in  so  far  as  they  have  to  do  with  the  influence 
of  this  factor  on  annual  egg  production.  In  later  parts  of  the  work 
we  shall  discuss  the  results  of  the  experiment  in  respect  to  the  laying 
in  different  months  of  the  year,  and  in  other  ways  shall  attempt  to 
make  a  closer  analysis  of  the  data. 

We  may  examine  first  the  influence  of  the  factors  size  of  flock  and 
amount  of  floor  space  per  bird  on  the  mean  or  average  annual  egg 
production.  The  data  on  this  matter  are  presented  in  Table  12. 
In  addition  to  the  actual  means  of  the  different  pens  for  each  year 
there  is  also  given  in  the  last  column  of  this  table  the  excess  in  the 
number  of  eggs  produced  per  bird  in  the  60-bird  pens  over  that  in  the 
150-bird  pens.  It  will  be  noted  that  in  this  table  the  actual  means 
are  given.  It  is,  for  obvious  reasons,  not  necessary  to  make  any  modi- 
fication of  any  of  these  averages  to  allow  for  the  effect  of  accidents, 
as  was  done  earlier  in  the  paper  in  discussing  the  change  in  average 
annual  production  from  year  to  year.  Here  the  figures  which  we 
desire  to  compare  are  all  based  on  records  of  the  same  year;  hence 
there  is  every  reason  to  suppose  that  the  influence  of  any  accident 
which  may  have  occurred  will  be  equally  distributed  in  all  parts  of 
the  data.  That  is  to  say,  for  example,  there  is  no  evidence  for  sup- 
posing that  either  of  the  accidents  which  occurred  in  the  years  1905-6 
and  1906-7  affected  the  50-bird  pens  in  a  different  way  from  what 
they  did  cither  the  100  or  the  150  bird  pens.  Consequently  we  are 
justified  in  using  the  actual  means  as  they  stand. 

Table  12.     delation  of  size  of  flock  and  floor  space  to  mean  annual  egg  production. 

'  Mean  annual  egg  production.  \  ^  ,  ^ 

I  Excess  of  50 
Year.  i  over  150  bird 

50-bird  pens.  100-bird  pens.  150»bird  pens.        P®"*' 


1904-5 '  134.  rO-i  1.  98  133. 61^3.  47 

1905-H 140.31±1.81  I  127.504-2.03 

19aV-7 114.16±1.74  I  10K53±1.92 

Mean I  129.09  I  123.21 


101. 0H±  1.64 


114.64±3.02       2a06±3.61 
119.  43±  1.64       20.88±2.38 


13.06^:2.39 


111.68  I    18.01 

I 


The  data  in  Table  12  are  shown  graphically  in  figure  14.  From 
the  table  and  the  diagram  we  note  at  once  the  following  points: 

1.  It  is  obvious  that  the  mean  annual  egg  production  is  very 
markedly  affected  by  differences  in  the  environmental  factors  with 
which  we  are  dealing.  In  each  year  there  is  a  decided  difference  in 
the  average  production  of  the  different  pens.  Further,  it  is  clear 
that  the  general  trend  of  the  annual  averages  is  downward  as  the 
number  of  birds  in  the  pen  increases.  In  every  instance  the  mean 
for  the  100-bird  pens  is  smaller  than  that  for  the  50-bird  pens  of  the 
same  year,  and  the  mean  for  the  150-bir(l  pens  is  again  smaller  in 
every  case  than  is  that  for  the  100-bird  pens. 
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2.  The  decrease  in  the  mean  annual  production  as  we  pass  from 
the  50-bird  pens  to  the  100-bird  pens  is,  in  round  numbers,  taking  the 
average  figures  for  the  whole  three  years,  about  6  eggs.  The  differ- 
ence between  these  two  types  of  pens  is  not  altogether  regular  from 
year  to  year.  In  the  year  1904-5  it  is  so  small  as  to  be  insignificant 
in  comparison  with  its  probable  error.  In  1905-6  the  difference  is 
relatively  large,  amounting  to  approximately  a  dozen  eggs.  In 
1906-7  it  is  about  the  average,  namely,  6  eggs.  These  results,  it  will 
be  observed,  are  perfectly  consistent  in  their  general  trend  through- 
out the  whole  course  of  the  experiment,  and  there  appears  to  be  but 
one  conclusion  possible.  That  conclusion  is  that  with  the  general 
plan  of  feeding  and  housing  followed  at  the  Maine  station,  even 
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Fio.  14.— Mean  aiitiual  egg  produ^'tion  with  dlfTereiit  amounts  of  flosr  spare  per  bird. 

though  the  amount  of  floor  space  per  individual  bird  remains  the 
same,  the  average  egg  production  per  bird  in  a  year's  laying  is  dis- 
tinctly and  significantly  smaller  when  the  birds  are  in  flocks  of  100 
than  it  is  when  they  are  in  flocks  of  50  birds  each. 

3.  The  differences  between  the  averages  for  100-birdpens  and  1 50- 
bird  pens  are,  on  the  whole,  distinctly  larger  than  those  between  the 
50-bir(l  and  the  lOO-bird  pens.  Taking  average  figures,  the  mean 
annual  i)roduction  is  approximately  a  dozen  eggs  smaller  in  the  ISO- 
bird  pens  than  it  is  in  the  lOO-bird  pens.  As  before,  the  absolute 
amount  of  the  decrease  varies  in  different  years,  although  the  general 
trend  is  entirely  consistent  throughout  the  course  of  the  experiment. 
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From  these  results  it  must  be  concluded  that  under  the  conditions  of 
the  experiment,  when  we  have  the  combined  influence  of  an  increase 
of  number  of  birds  in  the  flock  together  with  a  decrease  in  the 
amount  of  floor  space  per  bird^  there  is  a  notable  decrease  in  the 
average  annual  egg  production. 

4.  If  we  consider  the  maximum  difference  due  to  the  influence  of 
different  amounts  of  floor  space  and  flock  size,  as  shown  between  50 
and  150  bird  pens,  it  is  seen  to  be  large  in  amount  and  relatively  con- 
stant in  different  years.  In  round  numbers,  the  birds  in  the  50-bird 
pens  averaged  to  lay  a  dozen  and  a  half  eggs  more  per  bird  than  did 
those  in  the  1 50-bird  pens.  Such  a  lai^e  difference  is  of  special  inter- 
est, as  showing  what  a  considerable  effect  on  egg  production  the 
environmental  factors  with  which  we  are  dealing  may  have. 

We  may  next  turn  to  a  consideration  of  the  influence  of  size  of 
flock  and  floor  space  per  bird  on  the  variability  in  annual  egg  pro- 
duction. An  examination  of  Table  2  shows  that  as  the  number  of 
birds  per  pen  increases,  the  standard  deviation  in  egg  production  also 
tends  to  increase.  This  indicates  at  once  that  there  is  a  real  increase 
in  the  variability  of  egg  production  of  the  large  as  compared  with  the 
small  flocks  because,  as  has  just  been  pointed  out,  the  mean  egg  pro- 
duction decreases  as  the  size  of  the  flock  increases.  In  order  to 
obtain  a  fair  notion  of  the  change  in  relative  variability,  we  may,  as 
before,  resort  to  the  coefficient  of  variability  as  the  measure.  In 
Table  13  are  given  the  coeflSicients  of  variation  for  each  of  the  different 
sized  flocks  and  for  each  of  the  three  years  over  which  the  experi- 
ment extended.  In  Table  13,  as  in  Table  12,  there  is  also  given  in  the 
last  column  a  statement  of  the  maximum  differences  shown  in  the 
pens  of  different  sizes. 

Tablk  13. — Relation  of  size  of  flock  and  floor  space  to  variation  in  annual  egg  production. 


I 


Year. 


Coefficient  of  variation  in  egg  production. 
'  SO-bird  pens. 


Per  cent. 

1904-5 3(5.  77±  1. 17 

1905-6 25.48±0.97 

1906-7 1     30. 91±  1. 18 


Mean !    31.05 

I 


100-bird  pens.  150-blrdpens. 


Per  ceiU.     I  Per  cent. 

3U.98±2.07;  46.3i±2.23 

31.84±1.23  3i.72±1.00 

35.54±1.39  4a43±1.32 


34.45  I    39.49 


Excess  of 

150  over 

50-blrd  jMns. 


Percent. 
0.54^:2.53 
&24±1.39 
9. 52±  1. 77 

8.43 


The  data  of  Table  13  are  shown  graphically  in  figure  15.  From  the 
table  and  the  diagram  we  nota  the  following  points : 

1.  The  relative  variability  in  annual  egg  production  is  evidently 
influenced  very  decidedly  by  the  environmental  conditions.  The 
general  trend  of  the  variability,  as  has  been  pointed  out,  is  to  increase 
as  the  size  of  the  flock  increases,  although  there  is  not  so  great  a 
degree  of  regularity  in  this  change  as  there  is  in  the  case  of  mean  egg 
production. 
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2.  As  to  the  amount  of  change  in  variability  with  the  increase  in 
the  size  of  the  flock,  if  we  take  average  %ures,  it  would  appear  that 
it  is  fairly  uniform  from  50  to  100  and  from  100  to  150  bird  pens.  In 
each  case  there  is  an  increase  on  the  average  of  about  4  per  cent  in  the 
coefficient  of  variation.  In  individual  years  the  increase  may  not  be 
uniform.  For  example,  in  1904-5  there  is  practically  no  difference  in 
the  variability  in  the  50  and  100  bird  pens.  Again,  in  1905-6  the  100- 
bird  pens  and  the  150-bird  pens  show  substantially  the  same  degree 
of  variation.  This  apparent  equality  in  variability  in  egg  production 
in  different  pens  is  probably  to  be  explained,  however,  merely  as  a 
result  of  random  sampling,  the  real  tendency  being  that  indicated  in 
the  average  figures  already  discussed. 
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Fig.  15.— Variability  in  annual  egg  production  with  different  amounts  of  floor  space  per  bird. 

3.  Taking  the  maximum  differences  in  variability  produced  by  the 
environmental  differences,  we  see  that  they  are  in  the  neighborhood 
of  8  to  10  per  cent.  Since  the  probable  errors  of  these  differences  are 
about  2  per  cent,  it  is  obvious  that  the  effect  on  variation  in  annual 
egg  production  of  the  environmental  factors,  with  which  we  are  deal- 
ing, is  an  entirely  real  and  definite  one.  The  general  result,  from 
present  data,  would  appear  to  be  that  an  environmental  influence 
which  tends  to  lower,  tlie  mean  annual  ^^^  production  also  tends  to 
increase  the  variability  of  the  egg  production,  so  that  poor-producing 
flocks  are,  at  the  same  time,  very  variable  in  ^^g  production. 

Putting  all  the  results  of  the  floor-space  experiment  together,   they 
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lead  to  the  conclusion  that  as  the  size  of  the  flock  is  increased  there 
tends  to  be  a  decrease  in  the  average  annual  egg  production  per  bird, 
and  this  relation  holds  true  whether  the  floor  space  per  bird  is  or  is 
not  diminished.  Further,  those  conditions  relative  to  size  of  flock 
and  floor  space  which  tend  to  cause  lower  mean  annual  egg  produc- 
tion also  tend  to  increase  variation  in  the  production  of  the  flock  as  a 
whole.  It  must  be  borne  in  mind  that  these  conclusions  apply  only 
to  annual  egg  production,  and  that  from  them  one  must  not  draw  the 
practical  conclusion  that  it  is  desirable  imder  all  conditions  to  keep 
laying  hens  in  small  flocks.  It  will  be  shown  in  Part  II  of  this  paper, 
when  we  come  to  examine  the  influence  of  size  of  flock  and  floor  space 
on  the  egg  production  during  different  seasons  of  the  year,  that  the 
practical  conclusion,  relative  to  the  proper  floor  space  and  size  of 
flock  for  laying  birds,  will  be  somewhat  modified  from  what  one 
would  conclude  from  the  data  here  presented.  For  this  reason  we 
shall  defer  drawing  any  practical  conclusions  from  this  experiment 
or  making  any  suggestions  relative  to  flock  management  in  regard  to 
floor  space  imtil  the  data  to  be  brought  out  in  Part  II  are  at  hand. 

It  will  no  doubt  have  occurred  to  the  reader  that  the  results  set 
forth  in  this  section  regarding  the  effect  of  a  strictly  environmental 
factor  on  egg  production  have  a  very  significant  bearing  on  the  results 
of  the  breeding  experiment  which  has  been  conducted  with  these 
birds.  It  has  been  shown  that  a  comparatively  slight  environmental 
change  can  in  one  year  produce  relatively  great  changes  in  mean 
annual  egg  production,  and,  still  more  important,  in  the  variability 
of  egg  production.  From  this  fact  alone  it  would  seem  doubtful  if  the 
method  of  breeding  which  has  been  followed  has  made  any  real  change 
whatever  in  the  innate  characteristics  of  the  strain  relative  to  egg  pro- 
duction. A  full  discussion  of  this  point  will,  however,  be  deferred 
until  a  later  section  of  the  paper,  where  the  whole  question  of  the 
influence  of  selection  on  egg  producticm  wiU  be  taken  up. 

EGG  PBOBTTCnON  IN  THE  SECONB  LAYING  YEAB. 

Up  to  this  point  we  have  dealt  entirely  with  the  egg  production 
in  the  first  laying  year,  all  the  egg  records  ending  with  the  second 
October  following  the  hatching  of  the  birds.  In  an  earlier  section  of 
the  paper  it  has  been  shown  that  this  first-year  egg  production  may  be 
taken  as  a  fair  measure  of  the  innate  egg-producing  capacity  of  a 
bird.  It  is,  however,  a  matter  of  some  interest  to  study  egg  pro- 
duction during  the  later  portion  of  a  hen's  hfe.  Unfortunately  the 
(lata  available  for  such  a  study  are  exceedingly  meager.  In  the 
records  of  the  Maine  station  there  are  returns  of  more  than  one  year's 
laying  for  less  than  a  hundred  birds.  Furthermore,  these  records  of 
the  laying  during  more  than  one  year  are  not  all  that  could  be  desired 
in  another  resj)ect.  They  are  records  of  selected  birds  and  not  of  a 
random  sample   of  any  particular  flock.     The  birds  chosen  to  be 
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carrieS  through  more  than  one  year  and  subjected  to  trap-nest  records 
are  in  most  instances  birds  which  laid  unusually  well  during  their 
first  laying  year.  As  a  matter  of  fact,  as  will  appear  later,  the  mean 
egg  production  of  these  birds  in  their  first  laying  year  was  higher 
than  any  other  average  production  which  has  ever  been  observed 
at  this  station.  This,  of  course,  is  merely  the  result  of  selecting 
especially  high-laying  birds.  The  available  data  on  egg  production 
in  the  first  two  laying  years  have  already  been  published.^  From 
these  published  data  have  been  taken  only  the  birds  which  are  re- 
corded as  having  laid  some  eggs,  at  least,  in  both  of  the  first  two 
laying  years.     This  has  given  for  the  present  discussion  the  records 
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Fig.  16.— Frequency  polygons  for  egg  production  during  the  first  and  second  years  of  laying.    The 
solid  line  gives  the  record  of  the  first  year,  the  broken  line  those  of  the  second  year. 

of  the  egg  laying  for  two  years  of  66  birds.  The  egg  records  for  the 
two  years  of  these  birds  are  given  in  Table  III  of  Appendix  I. 

By  grouping  the  egg  production  as  in  the  other  cases  into  class 
units  of  15  eggs  each  and  forming  separate  frequency  distributions 
for  the  first  and  second  years'  laying,  we  have  the  results  shown 
graphically  in  figure  16. 

The  number  of  individuals  involved  is  so  small  that  the  variation 
polygons  are  rather  irregular.  However,  they  suffice  to  show  the 
general  trend  of  the  variation  in  these  two  periods.  It  is  noted  at 
once  that  the  variation  polygon  for  the  first  year's  laying  possesses 
the  same  general  characteristics  as  the  others  which  have  been  dis- 
cussed earlier  in  the  paper.     Further,  as  is  of  course  to  be  expected, 
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the  diagram  shows  that  the  second  year's  production  is  on  the  average 
very  decidedly  smaller  than  that  of  the  first  year.  The  material 
shows  in  the  first  year  an  observational  range  of  variation  of  190 
eggs — the  lowest-yielding  bird  of  the  lot  having  laid  47  eggs  during 
the  year  and  the  highest  237  eggs.  In  the  second  laying  year  of  the 
same  individuals  the  lowest-yielding  bird  laid  only  8  eggs  during 
the  year  and  the  highest-yielding  bird  185  eggs,  giving  a  total 
observed  range  of  177  eggs. 

While  the  polygons  are  much  too  irregular,  on  account  of  the  rela- 
tive fewness  of  the  individuals  involved,  to  enable  any  final  con- 
clusion to  be  drawn  regarding  such  matters  as  skewness,  yet  it  seems 
to  be  indicated  that  the  polygon  of  variation  for  the  second  year's 
laying  is  much  more  symmetrical  about  the  mean  than  is  that  for 
the  first  yearns  laying.  The  first  year  polygon  is  clearly  negatively 
skew,  like  the  great  majority  of  the  other  egg-production  frequency 
distributions  which  we  have  examined. 

Turning  to  the  constants  of  variation  in  egg  production  for  the 
two  years,  we  have  the  results  set  forth  in  Table  14. 

Table  14. — Constants  of  variation  in  first  and  second  year  egg  production. 


Year. 


Mean. 


First  laying  year 162. 9&±  3. 30 

Second  laying  year 100. 47±3.99 

I 


Standard     Coefficient  of 
deviation.        variation. 


39.71±2.33'      24.37±1.60 
48.0d±2.82  j      47.84^:3.36 


The  first  point  to  be  noted  from  Table  14  is  the  relatively  high  mean 
production  for  the  first  year — in  round  numbers,  163  eggs.  As  has 
been  pointed  out,  this  is  due  merely  to  the  fact  that  it  is  based  on  a 
group  of  birds  selected  for  their  egg  production  and  not  on  a  random 
sample  of  any  year's  flock.  In  the  second  year,  in  this  particular 
case,  the  mean  production  decreased  by  rather  more  than  a  third  of 
what  it  was  in  the  first  year.  Whether  the  difference  between  the 
laying  of  the  first  and  second  years  would  be  the  same  in  a  random 
sample  of  birds  it  is  impossible  now  to  say.  We  hope  later  to  get 
some  definite  evidence  on  this  point. 

It  is  obvious  from  the  table  that,  however  it  is  measured,  the 
second  year's  egg  production  is  very  much  more  variable  than  is 
that  of  the  first  year.  The  standard  deviation  for  the  second  year's 
production  is  nearly  10  eggs  greater  than  is  that  for  the  first  year's. 
Since  at  the  same  time  the  mean  egg  production  has  decreased,  it  is 
obvious  that  the  relative  variability,  as  measured  by  the  coefiicient 
of  variation,  must  be  very  much  greater  in  the  second  year.  This  is 
in  fact  the  case.  The  relative  variability  in  the  second  year  is  nearly 
twice  as  great  as  it  is  in  the  first.  It  will  be  noted  that  the  variabil- 
ity of  this  group  of  66  birds,  in  spite  of  the  fact  that  they  were  a 
76208— Bull.  110,  pt  1-09 5 
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selected  lot,  is  not  widely  different  from  what  w^e  have  found  for 
samples  not  especially  selected. 

A  point  of  much  interest  is  to  determine  what  degree  of  correlation 
exists  between  the  laying  of  the  first  and  the  second  years.  If  a  bird 
is  im  especially  good  layer  in  its  pullet  year  will  it,  on  the  average,  be 
an  especially  good  layer  in  its  second  laying  year;  or,  conversely, 
if  it  is  a  very  poor  layer  in  the  puUet  j^ear  will  it,  in  the  averi^e  case, 
be  an  exceptionally  poor  layer  in  its  second  year  of  life?  The  only 
way  in  which  a  definite  answer  can  be  obtained  to  this  question  is  to 
measure  the  degree  of  correlation  which  actually  exists  between  the 
first  and  the  second  year's  laying,  and  then  see  whether  the  coefficient 
of  correlation  so  obtained  is  significant  in  comparison  with  its  prob- 
able error.  Accordingly,  we  have  calculated  this  coefficient  for  our 
present  material.  On  account  of  the  relatively  small  nimiber  of 
birds  represented  in  the  statistics  we  have  not  grouped  the  material 
in  any  way  in  making  the  calculation.  For  this  material  the  cor- 
relation between  the  first  and  the  second  year's  egg  production  is 
given  by  a  coefficient, 

r  =  0.032  ±0.083 

while  this  correlation  is  positive,  yet  it  is  extremely  small  and  ob- 
viously insignificant  in  comparison  with  its  probable  error.  We  can 
only  conclude  that  so  far  as  any  evidence  from  our  present  material 
is  concerned  there  is  no  sensible  correlation  between  the  egg  produc- 
tion of  the  first  laying  vear  and  that  of  the  second. 

We  may  next  consicler  the  characteristics  of  variation  in  the  com- 
bined egg  production  of  the  first  and  second  laying  years.  This  is  a 
point  of  practical  as  well  as  theoretical  interest,  because  it  has  been 
contended  that  the  proper  measure  of  a  bird's  producing  capacity  is 
the  laying  of  the  first  two  years  rather  than  that  of  the  first  year. 
At  the  present  time  there  are  being  conducted  in  Australia  egg- 
laying  competitions  in  which  the  egg  production  of  the  first  two 
years  is  taken  as  the  unit.  If  we  add  together  for  each  of  our  66 
birds  the  production  in  the  first  and  the  second  year  and  then  form 
a  frequency  distribution,  using  a  class  unit  of  40  eggs,  we  get  the 
distribution  given  in  Table  15.  In  addition  to  the  frequency  dis- 
tribution itself,  there  are  also  included  in  Table  15  the  values  of  the 
chief  physical  constants  deduced  from  the  distribution. 

Table  15. — Distribution  and  constants  of  variation  in  combined  first  two  years*  egg 

prodvjction. 


Eggs  laid. 


80-119 

120-159 

160-199 

200-239 

240-279 

280-319 

320-369 ' 

ency.  | 

Eggs  laid. 

Frequency. 

3 

360-399 

4 

3 
5 

Total 

66 

12 
15 

Mean 

263.42±&84 

12  1 

Standard  deviation 

7a  29db4. 13 

1? 

Coefllcient  of  variation 

26. 68±1. 67 
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It  is  obvious  that  the  general  characteristics  of  variation  in  the 
egg  production  of  the  first  two  years  combined  are  very  similar,  so 
far  as  may  be  judged  from  the  present  material,  to  what  has  been 
found  for  the  production  of  the  first  year  alone.  The  frequency 
distribution  is  apparently  unimodal  and  negatively  skew.  The 
comparatively  low  mean  egg  production  given  by  the  two-year  dis- 
tribution is  obviously  to  be  explained  by  the  fact  just  brought  out 
that  there  is  no  sensible  correlation  between  the  egg  production  of 
the  two  years.  Obviously,  if  the  bird  which  was  a  relatively  high 
producer  in  its  first  laying  year  was  also  always  or  usually  a  relatively 
high  producer  in  the  second  laying  year  we  should  get  a  higher  mean 
egg  production  in  the  same  lot  of  birds  than  that  which  we  have 
here.  With  the  increase  in  the  mean  egg  production  over  that  of  a 
single  year  is  found,  as  would  be  expected,  an  increase  in  the  standard 
deviation.  This  increase,  however,  is  almost  precisely  proportional 
to  that  which  occurs  in  the  mean ;  hence  we  are  compelled  to  con- 
clude that  the  relative  variability  in  respect  to  the  first  two  years' 
egg  production  is  not  substantially  different  (as  is  indicated  by  the 
coefficient  of  variation)  from  that  of  the  first  year  alone. 

So  far  as  may  be  judged  from  such  meager  data  as  we  now  have, 
there  seems  no  particular  reason  for  regularly  taking  as  a  unit  in 
egg-production  investigations  or  contests  two  years'  laying  instead 
of  one  year's.  The  important  characteristics  of  variation  appear 
not  to  be  essentially  different  for  the  longer  unit  from  what  they  are 
for  the  shorter.  Such  a  conclusion  can  for  the  present,  however,  be 
only  provisional. 

It  is  much  to  be  regretted  that  more  extensive  material  on  this 
matter  of  egg  production  in  years  subsequent  to  the  pullet  year  is 
not  at  hand.  What  we  have  attempted  to  do  in  this  section  is  to 
discuss  the  very  meager  material  which  now  exists.  It  is  a  part  of 
the  plans  for  future  poultry  work  at  the  Maine  station  to  make 
further  study  of  this  point,  and  we  hope  that  later  we  may  be  able 
to  present  a  fuller  and  more  adequate  discussion  of  the  matter. 

SELECTION  ANB  EQG  PBOBUCTION. 

We  may  now  turn  to  the  consideration  of  the  results  of  the  breeding 
experiment  which  gave  origin  to  the  statistics  on  which  this  paper  is 
based,  so  far  as  these  results  concern  the  annual  egg  production.  An 
account  of  the  experiment  has  been  given  earlier  in  this  paper 
(pp.  11,  12).  Its  underlying  idea  was  to  improve  the  egg-laying 
quality  of  a  particular  strain  of  hens  by  breeding  only  from  the  best 
producers  and  their  sons.  It  should  be  said  that  until  the  last  year 
of  the  experiment  (1906-7)  practically  no  records  were  ever  kept  by 
which  it  could  be  told  what  birds  were  the  parents  of  any  particular 
individual  offspring.     It  w^as  simply  known  that  only  eggs  of  high- 
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producing  hens  were  incubated  and  that  the  males  that  fertilized  these 
eggs  were  sons  of  high-producing  mothers.  In  a  very  few  cases  records 
were  kept  of  the  mothers  of  individual  birds,  and  in  still  fewer  cases 
of  the  fathers.  These  facts  will  make  it  plain  why  it  is  necessary  to 
discuss  the  results  of  this  breeding  experiment  in  the  manner  which 
will  be  followed  in  this  section.  The  lack  of  the  most  fundamental 
data  of  all  in  any  breeding  investigation — ^namely,  the  pedigree  data — 
makes  it  impossible  to  attack  the  problem  of  the  influence  of  selection 
on  egg  production  in  the  usual  straightforward  fashion.  Obviously, 
the  proper  way  to  study  the  matter  would  be  to  form  correlation 
tables  between  parent  and  offspring  in  regard  to  egg  production  and 
then  evaluate  the  degree  of  intensity  of  inheritance  of  this  character, 
compare  the  variability  in  successive  generations  following  selection, 
etc.  It  is  impossible  to  proceed  in  this  way,  since  we  have  only  mass 
data  instead  of  individual  data.  The  only  conclusions  which  can  be 
reached  must  be  such  as  can  be  deduced  from  mass  data. 

We  may  first  consider  the  question  of  the  degree  of  intensity  of 
the  selection  which  has  been  practiced.  In  the  several  accounts  of 
the  breeding  experiment  *»  it  is  stated  that  only  birds  which  laid  160 
or  more  eggs  in  their  pullet  year  were  ever  used  as  breeders.  Now, 
while  at  first  thought  this  may  seem  like  an  entirely  uniform  pro- 
cedure, a  little  consideration  shows  that  it  is  far  from  being  such,  so 
far  as  intensity  of  selection  is  concerned.  All  selection  must  be  of 
or  about  a  type.  This  is  equally  true  whether  the  one  making  the 
selection  has  a  definite  and  fixed  type  in  mmd  and  picks  out  individ- 
uals as  nearly  like  it  as  possible,  or,  as  in  the  present  case,  the  selection 
is  made  by  truncating  the  general  population  distribution  and  taking 
as  the  selected  individuals  all  those  falling  in  the  portion  cut  off. 
One  thinks  of  selection  as  most  intense  when  the  selected  individuals 
conform  closest  to  type.  The  most  intense  selection  possible  would 
be  to  take  out  of  a  population  only  those  individuals  which  exactly 
conform  to  the  type  within  the  limit  of  the  unit  of  measurement. 
Thus,  in  the  present  material,  suppose  it  to  be  agreed  that  the  type 
to  which  selection  was  to  be  made  was  an  egg  production  of  180  eggs 
in  the  year.  Then  we  should  get  the  most  intense  selection  possible 
by  taking  as  breeders  only  birds  laying  exactly  180  eggs.  As  birds 
having  productions  differing  from  180  eggs  were  taken,  we  should  be 
selecting  with  less  and  less  stringency. 

These  considerations  indicate  at  once  a  method  whereby  one  may 
measure  with  precision  the  intensity  or  stringency  of  the  selection 
applied  in  any  par^^icular  case.  From  what  has  been  said  it  is 
apparent  that  the  smaller  the  variation  exhibited  by  the  selected 
stock  in  comparison  with  that  exhibited  by  the  general  population 
from  which  the  selection  is  made,  by  so  much  is  the  selection  more 


o  See  particularly  Bureau  of  Animal  Industry  Bulletin  90. 
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intense  or  stringent.  Hence,  if  one  takes  the  ratio  of  the  standard 
deviation  of  the  selected  stock  to  the  standard  deviation  of  the  general 
population,  the  result  will  be  a  coefficient  measuring  intensity  of 
selection.     If  we  use  for  this  coefficient  the  letter  S  we  have 

wherein  gm  denotes  the  standard  deviation  of  the  selected  stock  and  a^ 
that  of  the  general  population.  Now  obviously  the  limits  of  this  co- 
efficient S  are  0  and  -hi.  When  the  selection  is  as  stringent  as  possi- 
ble and  each  selected  individual  is  exactly  like  the  type  (within  the 
limits  of  the  unit  of  measurement),  there  will  be  no  variation  in  the 
selected  stock,  and  hence  <y.ifwill  equal  zero,  and  consequently  S  will 
also.  If  on  the  other  hand  the  selected  individuals  are  chosen  at  ran- 
dom, they  will  approach  no  more  closely  to  the  type  than  do  the  indi- 
viduals of  the  general  population.  In  that  case  we  shall  have 
om^op  and  S  =  l.  Between  these  two  limits,  0  and  1,  S  will  vary  in 
magnitude  inversely  as  the  intensity  of  the  selection.  We  may  for 
convenience  call  S  the  coefficient  of  selection. 

In  the.  breeding  experiment  on  which  we  are  here  reporting,  only 
hens  laying  more  than  1 60  eggs  in  their  pullet  year  were  used  for  breed- 
ing. Of  such  hens,  so  far  as  we  are  able  to  learn,  practically  all  were 
used.  There  were  a  few  rejections  because  of  small  or  badly  colored 
eggs,  but  the  number  of  such  birds  was  very  small.  As  has  been 
pointed  out  above  (p.  67),  it  is  now  impossible  to  tell  exactly  what 
birds  were  used  as  breeders  in  earlier  years.  Consequently,  we  can 
not  give  absolute  figures  for  the  intensity  of  selection.  What  can  be 
done,  however,  is  to  determine  the  intensity  of  selection  in  each  year 
of  the  experiment,  assuming  that  all  birds  laying  160  or  more  eggs  in 
their  pullet  year  were  used  as  breeders.  The  results  so  obtained,  while 
not  absolutely  correct,  will  come  very  close  to  the  true  facts.  For  all 
practical  purposes  one  may  consider  the  figures  to  give  the  actual 
intensity  of  the  selection  practiced.  In  Table  16  it  is  assumed  that  all 
birds  laying  over  160  eggs  in  the  pullet  year  were  mothers  of  the  flock 
of  the  second  year  following  their  hatching. 

Table  16. — Intensity  ofseUclion  practicedin  the  breeding,  1899-1907. 


Year. 

Oeneral 
mean. 

Mother's 
mean. 

179.83 
184.83 
18a  20 
182.62 
172.70 
18a87  ; 
174  09 
172.33 

1899-1900 

136.36 
14^44 
166.58 
136.48 
117. 87 
129.07 
128.44 
106.99 

1900-1901 

1901-2 

1902-3 

1903-4 

1904-6O 

1905-60 

1906-7  a 

'  General 
Differ-  P^tf"**- 
enc«  in  ■  o*- '  ho«i 

tion. 

i 


niffAi-    '  Percent^ 

Mother's     ii°7„     T«*o««i*,ri    a«eo' 

°.^Yi®^        deviar         tlon.      '^^P?" 


tion. 


devia- 
tions. 


43.47  < 
41.39 
32.62 
46.14  I 
54.83 
57.80 
45.66  , 
65.34 


23.44 
28.96 
18.38 
21.48 
30.57 
32.52 
2&21 
28.25 


oFor  these  years,  just  as  in  the  earlier  ones,  all  the  birds  in  the  flocic  are  taken  together  In  determininf 
the  constants  in  this  table.  In  selecting  breeding  stock  no  account  was  made  of  the  size  of  the  pens  from 
which  they  came.    Uence  we  have  no  reason  to  treat  50, 100,  and  150  bird  pens  separately. 
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From  Table  16  we  note  the  following  points: 

1.  The  difference  between  the  mean  of  the  selected  stock  (mothers' 
mean)  and  that  of  the  general  population  varies  rather  widely  in  dif- 
ferent years.  It  is,  for  obvious  reasons,  least  when  the  general  popula- 
tion mean  is  highest,  and  greatest  when  the  general  population  mean 
is  lowest.  This  difference  ranges  in  value  from  about  33  eggs  in 
1901-2  to  65  eggs  in  1906-7,.and  averages  48.41. 

2.  Similarly  there  is  considerable  fluctuation  from  year  to  year  in 
the  differences  between  the  standard  deviation  of  selected  stock  and 
the  general  population.  These  differences  range  between  18  and  32 
eggs,  with  an  average  of  26.10. 

3.  The  intensity  of  selection,  as  measured  by  the  coefficient,  is 
rather  great  throughout  the  whole  experiment.  In  the  years  when 
the  selection  is  most  stringent  the  coefficient  only  drops  to  a  value  of 
about  one-fourth,  while  in  the  year  of  least  intense  selection  the  value 
is  more  than  one-half.     These  figures  mean  that  never  in  the  course 
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Fio.  17.— Change  in  Intensity  of  selection,  189)^1907. 

of  the  experiment  was  the  selection  more  than  three-fourths  as  strin- 
gent as  it  was  theoretically  possible  to  make  it,  and  it  was  usually 
decidedly  less  close  than  that. 

4.  The  general  trend  of  selection  during  the  period  was  to  become 
relatively  more  stringent;  that  is,  the  value  of  the  coefficient  of  selec- 
tion diminished  during  the  experiment.  This  is  clearly  shown  in 
figure  17.  In  this  figure  the  zigzag  line  shows  the  fluctuation  in  the 
value  of  the  coefficient  in  the  different  years.  The  smooth  line  is  the 
parabola 

y  =  0.4620  -  0.0062X  -  0.0020x^ 

the  constants  of  which  were  determined  by  the  method  of  least 
squares. 

The  reason  for  the  decrease  in  the  value  of  the  coefficient  of  selec- 
tion is  clearly  to  be  found  in  the  fact  that  there  was  a  steady  decrease 
in  the  egg  production  of   the  flocks  during  the  experiment,  as  has 


Digitized  by  VjOOQ IC 


STUDY  OF  EGG  PRODUCTION   IN   THE  DOMESTIC   FOWL.  71 

been  shown  above  (p.  42).  As  the  laying  becomes  poorer  there  will 
be  fewer  and  fewer  of  the  flock  producing  over  160  eggs.  Conse- 
quently the  variation  exhibited  in  the  selected  stock  will  steadily 
become  smaller  both  absolutely  and  in  proportion  to  that  of  the  gen- 
eral population  (coefficient  of  selection). 

5.  The  last  column  of  the  table  shows  for  each  year  the  propor- 
tion of  the  flock  which  produced  over  160  eggs.  As  we  should  expect 
from  what  has  gone  before,  this  proportion  diminishes  in  the  later 
years  of  the  experiment. 

Having  examined  the  method  and  degree  of  selection  practiced, 
we  may  next  consider  the  results.  According  to  current  theories 
regarding  the  inheritance  of  fluctuating  variations,  the  following  are 
the  primary  and  fundamental  results  which  one  would  expect  to  get 
in  such  an  experiment  as  this: 

1.  A  gradual  and  steady  tendency  for  the  mean  annual  egg  pro- 
duction to  increase  with  each  successive  generation.  Since  all  the 
ancestry  for  at  least  eight  generations  was  selected,  it  would  be 
expected  that  at  the  end  of  this  period  there  would  be  a  marked  gain 
in  egg  production  over  what  existed  at  the  beginning. 

2.  A  small  but  not  the  less  distinct  and  definite  decrease  in  the 
variabiUty  of  egg  production  during  the  course  of  the  experiment. 

3.  A  considerable  degree  of  fixity  of  the  improvement  gained,  such 
that  ordinary  environmental  fluctuations  would  not  in  a  single  genera- 
tion cause  all  that  had  been  presumably  gained  by  selection  to  be  lost. 

Now,  it  has  been  shown  in  this  paper  that,  so  far  as  annual  egg 
production  is  concerned,  the  actual  results  obtained  in  this  breeding 
experiment  are  as  follows: 

1 .  The  only  change  which  occurred  in  the  mean  egg  production, 
aside  from  individual  year  fluctuations,  was  a  small  but  entirely  defi- 
nite decrease  during  the  eight  years  (pp.  39-42).  Further  the  per- 
centage of  exceptionally  high  producers  in  the  flocks  has  somewhat 
decreased  during  the  course  of  the  experiment,  and  at  the  same  time 
the  proportion  of  extremely  poor  producers  has  slightly  increased 
(p.  48). 

2.  The  variation  in  annual  egg  production  has  remained  unchanged 
throughout  the  course  of  the  experiment  except  for  minor  fluctua- 
tions in  individual  years  (p.  46). 

3.  There  is  no  evidence  that  the  quality  of  high  egg  productive- 
ness is  any  more  fixed  in  the  strain  at  the  end  of  the  experiment 
than  it  was  at  the  beginning.  During  the  last  three  years  of  the 
experiment  it  has  been  definitely  shown  that  a  relatively  small 
environmental  change  is  able  to  produce  a  very  large  difference  in 
the  mean  egg  production  in  flocks  of  hens  of  exactly  the  same  selected 
ancestry  (pp.  58-63).  Such  a  result  could  not  occur  if  the  character 
had  been  fixed  by  the  selective  breeding. 
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These  resixlts  we  believe  to  be  of  great  interest  and  importance, 
alike  from  the  standpoint  of  evolution  theory  and  that  of  practical 
poultry  husbandry.  While  in  a  sense  they  mark  a  failure  to  attain 
that  for  which  the  work  was  undertaken — namely,  an  improvement 
of  egg  laying  by  this  particular  method  of  breeding — yet  they  possess 
much  educational  value.  We  have  here  an  extensive  selection 
experiment  carried  out  in  the  traditional  time-honored  fashion,  but 
with  records  of  a  character  which  make  it  possible  to  appreciate  the 
net  results  with  certainty.  These  results  are  not  in  accord  with 
current  theoretical  ideas,  but  they  are  in  remarkable  accord  with 
the  experience  of  Nilsson  at  the  Svalof  experiment  station  in  breeding 
cereals,  as  recently  described  by  De  Vries.  **  This  is  suflBciently  shown 
by  the  following  quotation.  Speaking  of  the  earlier  experience  of 
the  Svalof  station  in  breeding,  cereals  by  the  ordinary  method  of 
continued  selection,  De  Vries  says  (loc.  cit.,  pp.  62  and  63): 

The  deficiencies  of  the  method  could  not  escape  observation.  All  those  which  were 
of  purely  technical  nature  could  be  overcome,  and  on  this  side  of  the  problem  a  high 
degree  of  perfection  was  attained.  But  there  were  other  w^k  points  which  were 
related  to  the  very  foundation  principles  of  the  method.  Among  these,  the  principal 
one  was  that  the  continuous  selection  of  the  best  specimens  in  an  arbitrary  direction 
did  not  lead  to  improvement  in  all  cases.  Quite  on  the  contrary,  success  was  rare; 
80  rare,  even,  that  it  could  almost  be  looked  upon  as  an  exception.  The  fact  itself 
was  not  new,  since  in  Germany,  also,  only  in  exceptional  cases  a  real  improvement 
had  been  obtained.  But,  of  course,  usually  only  successful  instances  are  published, 
and  concerning  the  remainder  ordinarily  no  evidence  is  at  hand. 

In  Svaldf,  however,  where  numerous  experiipents  of  the  same  kind,  but  with  differ- 
ent varieties  of  cereals,  were  conducted  side  by  side,  the  fact  could  not  escape  obser- 
vation. Soon  the  idea  suggested  itself  that  if  success  is  an  exception,  the  principle 
involved  in  the  method  can  hardly  be  a  valuable  one,  at  least,  not  one  on  which 
the  breeder  may  confidently  rely. 

The  fact  that  in  the  present  case  of  long-continued  selection  for  a 
particular  kind  of  animal  production  we  get  results  so  exactly  par- 
alleling those  obtained  in  plant  breeding  when  the  same  method  of 
selection  is  practiced,  is  certainly  an  interesting  one.  A  strong  ail- 
ment of  those  who  have  endeavored  to  controvert  the  views  of  De 
Vries  regarding  the  significance  of  fluctuating  and  mutational  varia- 
tion in  the  creation  or  amelioration  of  varieties  has  been  the  history 
of  domesticated  animals.  Is  the  idea  that  all  improvement  of  breeds 
on  the  animal  side  has  been  brought  about  by  the  continued  selec- 
tion of  small  "  fluctuating '*  variations  as  well  grounded  as  it  is  com- 
monly supposed  to  be  ? 

It  appears  to  us  to  be  idle  to  attempt  any  explanation  at  present 
as  to  why  this  breeding  experiment  resulted  as  it  did.  Of  the 
objective  results  we  are  certain,  and  we  have  endeavored  to  set  them 
forth  clearly  and  distinctly.  But  for  the  interpretation  of  them  we 
need  much  additional  data  which  we  do  not  as  yet  possess.     Such 

a  De  Vries,  H.,  Plant  Breeding,  pp.  xiii  and  360.    Chicago,  1907. 
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data  we  hope  in  course  of  time  to  accumulate.  Beginning  with  the 
breeding  season  of  1908  we  shall  have  an  exact  individual  pedigree 
record  of  every  individual  bird  in  the  station's  poultry.plant.  These 
records  must  ultimately  throw  light  on  the  meaning  of  our  present 
selection  results. 

The  practical  conclusion  to  be  drawn  from  the  results  of  this 
breeding  experiment  seems  to  us  to  be  clear.  It  is  that  the  improve- 
ment of  a  strain  of  hens  in  egg-producing  ability  by  selective  breeding 
is  not  so  simple  a  matter  as  it  has  been  supposed  to  be.  .  Nothing 
could  be  simpler  than  breeding  from  high  producers  to  get  high  pro- 
ducers. But  if  this  method  of  breeding  totally  fails  to  get  high 
producers — in  other  words,  if  the  daughters  prove  not  to  be  like  the 
mothers  in  egg  production — it  can  not  fail  to  excite  wonder  as  to 
whether  the  simplicity  of  the  method  is  not  its  chief  (possibly  its 
only)  recommendation.  Anyone  who  makes  a  thorough  first-hand 
study  of  an  extensive  selection  experiment  carried  out,  as  was  this 
one,  by  the  so-called  German  method  without  testing  the  transmit* 
ting  power  of  individual  organisms,  can  not  fail  to  be  impressed,  we 
believe,  with  the  fact  that  the  improvement  of  a  race  by  selective 
breeding  is  a  vastly  more  complicated  matter  than  it  is  assumed  to 
be  by  those  who  maintain  that  one  need  only  to  breed  from  the  best 
to  insure  improvement.  The  supposed  ** facts"  of  heredity  on  which 
the  practical  stock  breeder  (working  for  utility  points)  operates  are 
in  very  large  part  inferences  rather  than  tacts.  What  is  needed  more 
than  anything  else  for  the  advancement  of  the  stock-breeding  indus- 
try in  all  its  phases  is  an  accumulation  of  definite  knowledge  of  the 
fundamental  principles  of  the  hereditary  process.  All  breeding  oper- 
ations must  be  based  on  the  laws  of  inheritance  in  organisms.  The 
practical  stock  breeder  is  able  to  work  out  the  applications  of  these 
laws  for  himself.  What  he  most  needs  is  broader  and  deeper  knowl- 
edge of  the  laws  themselves.  This  knowledge  must  come  from  thor- 
oughgoing purely  scientific  investigations. 

SUMMABY  OF  BESTTLTS  AND  CONCLTTSIONS. 

This  paper  constitutes  Part  I  of  a  general  study  of  egg  production 
in  the  domestic  fowl.  It  deals  with  variation  in  annual  egg  pro- 
duction. For  the  purposes  of  this  investigation  '*  annual  egg  pro- 
duction" is  taken  to  be  the  total  laying  in  a  year  beginning  with 
November  1.  For  the  most  part  the  present  paper  is  concerned  with 
the  egg  production  of  the  pullet  year.  The  data  on  which  the  work 
is  based  are  the  trap-nest  records  kept  since  1898  at  the  Maine 
Agricultural  Experiment  Station  in  connection  with  an  experiment 
in  breeding  by  selection  for  high  egg  production. 

The  chief  results  of  this  part  of  the  investigation  are  summarily 
stated  in  the  following  paragraphs.     Unless  something  directly  to 
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the  contrary  is  said,  all  the  statements  in  this  summary  have  to  do 
with  the  egg  production  in  a  single  variety,  namely,  the  Barred 
Plymouth  Rock. 

1.  Variation  in  annual  egg  production  exhibits  the  following 
characteristics:  (a)  The  observed  range  of  variation  is  from  zero  to 
about  250  eggs;  (6)  the  distributions  are  usually  unimodal  and 
unsymmetrical.  The  asymmetry  or  skewness,  when  it  exists,  is 
always  in  the  negative  direction;  that  is,  the  modal  egg  production 
is  always  laiger  than  the  mean  egg  production,  (c)  The  amount  of 
variation  in  egg  production  is  both  absolutely  and  relatively  large. 
The  mean  value  of  the  coefficient  of  variation  from  all  our  data  is 
about  34  per  cent,  (d)  Variation  in  egg  production,  so  far  as  our 
statistics  show,  belongs  to  the  type  of  continuous,  so-called  '*  fluctuat- 
ing" variation. 

2.  Analytically  considered,  such  of  the  variation  polygons  as  are 
skew  are  found  to  conform  to  Pearson's  Type  I  curve.  The  sym- 
metrical distributions  belong  either  to  his  Type  II  or  the  normal 
curve  of  errors.  The  range  of  variation  is  in  nearly  all  cases  greatly 
overestimated  by  the  theoretical  curves.  It  is  pointed  out  that  this 
appears  to  be  a  characteristic  of  fecundity  curves  frequently. 

3.  It  is  shown  that  during  the  period  covered  by  the  statistics 
(1899-1907),  which  covers  practically  the  whole  period  of  the  breeding 
experiment,  there  has  been,  apart  from  fluctuations  up  and  down  in 
individual  years,  a  small  but  steady  decrease  in  the  mean  or  average 
annual  egg  production. 

4.  During  the  same  period  (1899-1907)  the  variabihty  in  annual 
egg  production  has  not  sensibly  changed.  There  have  been  chance 
fluctuations  up  and  down  in  individual  years,  but  there  has  been  no 
steady  trend  toward  lower  or  higher  variability.  The  same  state- 
ment applies  to  the  skewness  of  the  distributions  in  the  period  covered 
by  the  investigation. 

5.  The  percentage  of  extremely  high  layers  (producing  more  than 
195  eggs  in  the  pullet  year)  in  the  flock  decreased  during  the  period 
from  1899  to  1907.  The  percentage  of  exceptionally  poor  layers 
(producing  less  than  45  eggs  in  the  pullet  year)  in  the  flock  increased 
during  the  same  period. 

6.  The  general  characteristics  of  variation  in  annual  egg  produc- 
tion in  White  Wyandottes  are  essentially  similar  to  those  described 
above  for  variation  in  Barred  Plymouth  Rocks. 

7.  Evidence  from  the  literature  is  presented  tending  to  show 
(a)  that  it  is  possible  to  get  average  annual  egg  yields  higher  than 
any  of  those  which  have  been  observed  at  the  Maine  Experiment 
Station,  and  (5)  that  records  exist  showing  that  in  exceptional  cases 
average  annual  egg  yields  were  obtained  during  the  middle  and  earlier 
half  of  last  century,  which  were  just  as  high  as  any  we  now  know. 
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8.  When  the  laying  hens  were  kept  in  flocks  of  100  birds  each  the 
average  annual  egg  production  per  bird  was  distinctly  and  signifi- 
cantly lower  than  when  they  were  kept  in  flocks  of  50  birds  each, 
though  the  number  of  square  feet  of  floor  space  per  bird  was  the  same 
in  the  two  cases  and  all  other  environmental  conditions  were  made 
as  nearly  as  possible  identical. 

9.  Laying  birds  kept  in  flocks  of  150  birds  each,  and  with  some- 
what less  floor  space  per  bird  than  those  kept  in  flocks  of  50  and  100 
birds  each,  have  in  every  case  an  average  annual  egg  production 
significantly  smaller  than  that  of  the  birds  kept  in  smaller  flocks. 
It  is  pointed  out  that  great  caution  must  be  shown  in  drawing  practical 
conclusions  from  these  results  relative  to  housing  because  we  are 
here  dealing  only  with  annual  egg  production. 

10.  Those  conditions  of  housing  and  flock  size  w^hich  tend  to 
lower  the  mean  annual  egg  production  are  found  to  tend  to  increase 
the  variability  of  the  production,  so  that  poor  producing  flocks  are 
at  the  same  time  flocks  very  variable  in  production,  and  vice  versa. 

11.  Egg  production  in  the  second  laying  year  is  found,  on  the 
basis  of  rather  meager  data,  to  average  about  a  third  lower  and  to  be 
distinctly  more  variable  than  that  in  the  pullet  year.  There  is  no 
sensible  correlation  between  the  production  of  the  first  and  second 
year. 

12.  During  the  period  covered  by  the  statistics  all  birds  used  for 
breeding  have  been  the  offspring  of  mothers  laying  160  or  more  eggs 
in  their  pullet  year  and  of  fathers  which  were  the  sons  of  high- 
producing  mothers.  It  is  now  possible  to  determine  what  have 
been  the  results  of  this  extensive  experiment  in  selection.  It  is 
shown  that  the  intensity  or  stringency  of  selection  became  relatively 
greater  during  the  progress  of  the  experiment,  though  the  absolute 
standard  of  selection  remained  the  same.  It  is  further  shown  that 
there  is  no  evidence  that  the  selective  breeding  practiced  has  improved 
the  strain  in  respect  to  egg  production.  On  the  contrary,  the  data 
show  that  (a)  the  mean  egg  production  has  diminished  during  the 
experiment,  (6)  the  variability  in  egg  production  has  remained 
unchanged,  and  (c)  in  the  last  years  of  the  experiment  relatively 
slight  environmental  changes  caused  very  marked  changes  in  the 
flock  productiveness.  This  is  obviously  inconsistent  with  the  view 
that  any  particular  type  of  egg  production  has  in  any  way  been  fixed 
in  the  strain  by  the  breeding. 
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APPENDIX  I. 

In  the  following  three  tables  are  given  the  detailed  raw  data  on  which  the  present 
papi*r  is  based: 

Table  I. — Egg  production  of  Barred  Plymouth  Rocks. 


Number  of  birds  producing  in  each  year  the  specified  number  of  eggs. 

Eggs  produced 
in  pullet  year. 

1 

1899- ;  1900- 
190a    1901. 

1904^ 
1901-2902^1 1903-l|  ^ 

1904-61904^ 
100-     ISO. 
bird    bird 
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1           I           '           1            ' 
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bird    bird    bird  !  bird    bird  '  bird 

pens.  pens.  pens.  pens,  pens., pens. 
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'                   It 

1 

1 

1 ' .     . 

9.. 
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1 
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1 
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1 
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1 

17 

1 
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19 

1 
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20 
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I 
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1 

1 

1 

22 
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1 
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! 
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1 

2 
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1 
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1 

1 

I' 

1 
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1 

1 

32 
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1 
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1 
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2 

42 

1  
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' 
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1 
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1 
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1 

2 

49 
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2 
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1 
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1899- 
1900. 

Number  of  birds  producing 

Ineacl 

1904^6 
100- 
bird 
pens. 

I  year  the  specified  number  of  eggs. 

Eggs  prodaced 
in  pullet  year. 
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Table  I. — Egg  production  of  Barred  Plymouth  Rock$ — Continued. 


Number  of  birds  producing  in  each  yeer  the  specified  number  of  eggs. 


Eggs  produced 
in  pullet  year. 

1 

1899- i 
190a 

...... 

1 

1 

...... 

1900- 
1901. 

1 

...... 

::::.: 

2 
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1901-2 
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Table  I. — Egg  production  of  Barred  Plymouth  Rocks — Continued. 
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Table  III. — Egg  production  of  the  same  individual  hens  in  the  first  and  second  laying 

years. 
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n.  SEASONAL  DISTRmUTION  OF  EGG  PRODUCTION.^ 


INTBODTJCTION. 

In  Part  I  of  this  study  *  the  subject  dealt  with  was  variation  in 
total  annual  egg  production.  This  phase  of  egg  production  formed 
the  logical  starting  point  for  a  general  investigation  of  the  subject, 
and  furnished  an  outline  or  programme  of  the  underlying  problems 
which  must  be  solved  in  such  a  general  investigation.  Annual  egg- 
production  records  furnish  final  mass  results.  There  are  involved 
in  the  attainment  of  these  total  annual  results  a  large  number  of 
individual  factors.  The  ultimate  purpose  of  the  study  of  egg  pro- 
duction must  be  to  separate  and  analyze  each  one  of  these  factors 
individually  so  that  it  may  be  possible  to  control  in  greater  or  less 
degree  total  annual  egg  production  through  an  intimate  knowledge 
of  the  individual  factors  on  which  it  depends. 

In  starting  the  analytical  investigation  of  the  problems  outlined 
by  the  study  of  total  annual  production,  the  first  question  which 
presents  itself  is  as  to  how  egg  production  is,  in  general,  distributed 
throughout  the  year.  It  is,  of  course,  a  perfectly  well-known  fact 
that  on  the  average  a  flock  of  hens  will  not  have  just  one-twelfth  of 
their  total  yearly  production  in  each  month  of  the  year.  Certain 
seasons  of  the  year  have  been  recognized  from  the  beginning  of  the 
domestication  of  poultry  as  primarily  egg-producing  seasons,  whereas 
in  certain  other  seasons  it  has  always  been  particularly  difficult  to 
get  eggs. 

The  whole  matter  of  the  seasonal  distribution  of  egg  production  is 
extremely  important  from  a  practical  as  well  as  from  a  theoretical 
standpoint.  The  differences  in  the  seasonal  distribution  of  egg 
production  cause  corresponding  differences  in  the  price  of  eggs.  In 
that  season  of  the  year  when  the  poultryman  finds  it  hardest  to  get 

o  Papers  from  the  Biological  Laboratory  of  the  Maine  Agricultural  Experiment 
Station,  No.  20. 

&  A  Biometrical  Study  of  Egg  Production  in  the  Domestic  Fowl.  I.  Variation  in 
Annual  Egg  Production.  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Indus- 
try, Bulletin  110,  pp.  l-«0.    1909, 
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eggs  he  is  able  to  get  the  highest  prices  for  such  as  he  can  send  to 
market. 

The  practical  importance  of  a  study  of  the  seasonal  distribution  of 
egg  production  is  well  brought  out  if  one  compares  in  regard  to  this 
matter  hens  whose  total  annual  production  is  the  same.  Such  a  com- 
parison for  a  few  individuab  has  been  made  in  a  recent  paper  by  the 
present  writers.**  It  is  there  shown  that  the  money  return  is  not 
by  any  means  the  same  for  all  '^200-egg"  hens.  A  *'200-egg"  hen 
may  bring  in  less  money  in  a  year  than  a  bird  laying  very  consider- 
ably fewer  eggs,  but  producing  them  at  a  time  when  prices  are  high. 
The  aim  of  the  practical  poultryman  is  to  increase  as  much  as  possible 
his  winter  egg  production.  The  matter  of  learning  how  to  increase 
winter  egg  production  is  one  of  the  primary  problems  which  is  under 
investigation  at  the  present  time  in  connection  with  the  poultry 
work  at  the  Maine  Experiment  Station. 

From  the  theoretical  side  the  investigation  of  the  seasonal  distri- 
bution of  egg  production  is  of  the  highest  importance.  Egg  produc- 
tion is  a  part  of  the  reproductive  process  in  birds,  and  in  the  wild 
progenitors  of  domestic  poultry  it  was  only  great  enough  for  the 
perpetuation  of  the  race.  Around  this  primary,  inherent  egg- 
producing  abiUty  all  the  improvement  in  egg  production  shown  by 
modem,  breeds  of  fowls  has  been  built.  In  attempting  to  learn  the 
underlying  principles  wliich  have  made  this  improvement  possible 
lies  the  only  hope  that  we  may  be  able  to  continue  the  improve- 
ment in  the  future.  It  is  important  to  know  with  as  great  exactness 
and  detail  as  possible  how  the  added  e^!g  production  of  modem  races 
relates  quantitatively  and  seasonally  to  the  egg  production  of  the 
wild  representatives  of  the  genus  GaUus. 

It  is  the  purpose  of  this  part  of  the  paper  to  analyze  the  total 
annual  egg-production  recorcls  of  the  Maine  station  in  respect  to  the 
seasonal  distribution  of  production.  In  this  analysis  the  month 
will  be  taken  as  the  unit  of  discussion.  The  reason  for  taking  the 
month  as  tlie  unit  is  not  primarily  a  theoretical  but  a  practical  one. 
It  is  obvious  enough  that  a  division  of  the  year  into  calendar  months 
is  an  arbitrary  one  from  the  standpoint  of  the  biology  of  egg  pro- 
duction. There  is,  for  example,  no  natural  or  inherent  reason  for 
including  an  egg  laid  on  Tuesday,  February  1,  with  a  different  group 
from  that  in  which  an  egg  laid  on  Monday,  January  31,  is  placed. 
The  practical  reason  which  makes  it  necessary  to  use  the  month  as 
the  first  unit  for  the  finer  analysis  of  the  total  annual  production  is 
that,  previous  to  the  laying  year,  beginning  November  1,  1907,  there 
are,  in  the  egg-production  records  of  the  station,  no  data  available  for 
smaller  units  of  grouping  than  calendar  months.     From  that  date 

o  Poultry  Notes — 1908.    Maine  Agricultural   Experiment  Station,   Bulletin  166, 
pp.  29-48.    1909. 
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to  the  present  time  a  daily  egg  record  for  each  individual  hen  has 
been  preserved.  In  the  older  records  of  the  station  the  month  is  the 
smallest  unit  of  which  account  was  kept  in  the  permanent  records. 

While  at  first  thought  there  may  seem  to  be  serious  theoretical 
objections  to  the  use  of  the  month  as  a  unit  in  the  study  of  egg  pro- 
duction,  because  of  its  somewhat  arbitrary  and  unnatural  character, 
yet  a  little  consideration  will  show  that  any  fixed  unit  of  egg  produc- 
tion whatsoever,  except  the  day,  is  an  arbitrary  and  in  some  degree 
unnatural  one.  Calendar  months  are  not  more  open  to  criticism  in 
this  regard  than  are  any  other  time  units.  In  spite  of  the  fact  that  the 
month  is  a  more  or  less  arbitrary  division  of  the  year  from  the  stand- 
point of  the  biology  of  the  hen,  it  yet  remains  that  much  of  import- 
ance may  be  learned  regarding  the  seasonal  distribution  of  egg  pro- 
duction by  the  analytical  study  of  monthly  records,  and  this  unit  is 
on  the  whole  probably  more  satisfactory  for  the  purpose  than  any 
other  fixed  time  unit  which  could  in  actual  practice  be  taken.  The 
truly  natural  seasonal  divisions  of  the  year  in  respect  to  egg  produc- 
tion are,  we  beUeve,  considerably  larger  than  the  month.  Evidence 
in  our  possession,  a  part  of  which  will  be  presented  in  this  paper, 
has  led  to  this  conclusion.  At  the  present  time  the  egg  records  of 
the  station  are  being  discussed  on  the  basis  of  the  division  of  the  year 
into  these  larger  seasonal  periods.**  Before  this  could  be  done,  how- 
ever, it  was  necessary  to  know  the  facts  regarding  the  monthly  dis- 
tribution. To  make  any  adequate  analytical  study  of  the  subject 
of  seasonal  distribution  a  imit  is  necessary  which  is,  on  the  one  hand, 
longer  than  the  day  (otherwise  the  true  seasonal  changes  will  be 
obscured  by  the  minor  fluctuations  of  daily  records)  and  on  the  other 
hand  shorter  than  the  natural  seasonal  divisions  of  the  year.  The 
month  as  a  unit  stands  between  these  extremes. 

With  the  month  as  a  unit  for  a  discussion  of  the  seasonal  distribu- 
tion of  egg  production,  a  whole  series  of  problems  suggest  themselves, 
as,  for  instance:  What  is  the  mean  or  average  production  for  each 
month  of  the  year  with  lai^e  flocks  of  birds  when  uniform  methods  of 
feeding  and  management  are  followed  throughout  the  year  ?  What  is 
the  exact  form  of  the  mean  monthly  egg  production  curve  for  the  year  ? 
What  is  the  comparative  variability  in  respect  to  egg  production  in  the 
different  months  of  the  year?  Is  the  variability  greatest  in  those 
months  where  the  mean  production  is  highest,  or  vice  versa  ?  Or  is 
there  no  relation  between  mean  production  and  variability  in  pro- 
duction ?  In  general,  what  is  the  form  of  a  monthly  egg  production 
variability  curve  for  the  year  ?  These  questions  again  suggest  others. 
Is  the  seasonal  distribution  curve  of  egg  production  of  the  same  char- 
acter in  different  years;  and  Is  the  seasonal  curve  of  variability  in 
egg  production  of  the  same  type  in  different  years?     How  nearly 

oQi.y  for  example,  Maine  Experiment  Station,  Bulletins  165  and  166^  1909. 
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alike  are  these  curves  for  different  breeds  of  fowls  and  under  different 
climatic  conditions  or  methods  of  management  ? 

Id  the  previous  part  of  this  study  an  account  was  given  of  the 
experiment  carried  on  at  the  Maine  station  for  nine  years  to  aseertaiQ 
the  effect  of  selection  on  average  annual  egg  production.  It  was 
shown  in  that  paper  that  the  general  trend  of  the  average  annual  ^g 
production  had  been  downward  throughout  this  time,  although  a  rigid 
selection  of  high-producing  parents  had  been  maintained  diuing  the 
period.  In  the  present  part  of  the  investigation  we  have  to  consider 
what  was  the  effect  of  this  method  of  breeding,  so  far  as  the  monthly 
distribution  of  egg  production  was  concerned.  Is  the  general  trend 
of  the  average  production  for  each  month  of  the  year,  when  consid- 
ered separately,  downward  or  not  during  these  years  ?  It  is  conceiv- 
able that  winter  egg  production,  for  example,  might  have  been  in- 
creased during  these  years  that  the  total  production  was  decreasing. 
Was  this,  as  a  matter  of  fact,  the  case?  It  is  of  great  importance 
from  the  standpoint  of  the  study  of  methods  of  breeding  for  egg  pro- 
duction to  know  what  was  the  effect  of  the  method  of  selection  prac^ 
ticed  on  the  monthly  averages  throughout  the  period. 

A  further  set  of  problems  has  to  do  with  the  correlations  which 
exist  in  regard  to  e^  production  in  the  different  months  of  the  year. 
On  the  average,  will  hens  that  are  high  producers  in  December,  let  us 
say,  be  also  high  producers  in  July  ?  It  is  of  the  greatest  importance, 
practically  as  well  as  theoretically,  to  know  just  how  closely  each 
month's  production  is,  on  the  average,  associated  or  correlated  with 
the  production  in  every  other  month  in  the  year.  If  a  poultry  keeper 
is  only  able  on  account  of  financial  or  other  reasons  to  test  the  pro- 
duction of  his  hens  with  trap  nests  during  a  part  of  the  year,  which 
month  or  months  will  give  him  the  best  estimate  of  what  the  total 
yearly  production  will  probably  be  for  each  hen  ? 

These  statements  will  give  some  idea  of  the  general  standpoint 
from  which  this  second  part  of  the  investigation  is  undertaken  and  of 
the  character  of  the  problems  with  which  it  deals.  It  is  not  desirable 
to  take  further  space  here  to  set  forth  in  detail  the  specific  problems 
which  are  discussed  in  this  portion  of  the  work.  These  details  will 
be  considered  in  connection  with  the  sections  of  the  paper  where  the 
data  bearing  upon  the  several  problems  are  discussed. 

MATERIAL  AND  liETHODS. 

The  statistical  material  which  forms  the  basis  of  this  part  of  the 
work  is  the  same  as  that  which  was  used  in  Part  I.  It  comprises  the 
trap-nest  records  of  egg  production  during  the  pullet  years  from 
November,  1899,  to  November,  1907,  at  the  Maine  Agricultural 
Experiment  Station.  As  was  set  forth  in  Part  I  of  this  study,  the 
number  of  hens  making  complete  yearly  records  in  this  period  was 
2,407.  A  full  account  was  also  given  of  tho  way  in  which  these 
records  were  collectod,  so  it  will  not  be  necessary  to  repeat  this  here. 
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Instead;  whenever  it  becomes  necessary  in  the  discussion  of  monthly 
egg  production  reference  will  be  made  to  the  account  given  in  Part  L 

In  this  part  of  the  study  we  are  dealing  with  the  monthly  produc- 
tion in  each  month  of  the  years  above  enumerated.  All  the  statistics 
are  for  pullet-year  production.  The  data  of  the  present  paper  analyze 
the  total  annual  production  into  its  monthly  components.  It  will  be 
recalled  (see  Part  I,  pp.  16-19)  that  in  certain  of  the  years  one  or 
another  sort  of  accident  occurred  to  interfere  with  the  egg  production 
of  certain  months.  Due  account  will  be  taken  of  this  fact  in  the  dis- 
cussion of  the  records  in  this  part  of  the  study. 

The  detailed  data  on  which  this  part  of  the  work  is  based  are  given 
in  tabular  form  in  Appendix  II  at  the  end  of  this  paper.  In  these 
tables  are  given  for  each  month  of  the  period  discussed  the  un- 
grouped  frequency  distributions  of  egg  production.  It  will  be  seen 
by  referring  to  the  tables  that  the  unit  classes  of  egg  production 
ranging  from  zero  to  31  are  arranged  horizontally  while  the  vertical 
units  are. years  and  flocks.  The  first  line  of  Table  I  may  be  taken 
as  an  illustration  of  how  these  tables  in  general  are  to  be  read.  From 
this  it  is  seen  that  70  birds  were  available  for  record  in  November, 
1899.  Of  these  70  birds  39  failed  to  lay  at  all  in  November  and, 
therefore,  have  a  zero  record.  One  bird  laid  one  egg  during  the  month; 
three  laid  two  eggs,  and  so  on.  This  table  gives  the  ultimate  data 
on  which  this  whole  study  is  based.  From  these  raw  data  it  will  be 
possible  for  anyone  who  cares  to  do  so  to  check  up  at  every  point  the 
computed  constants. 

The  biometric  methods  used  in  the  analysis  of  the  statistical 
material  in  this  part  of  the  work  are  in  general  not  different  from 
those  which  were  used  in  Part  I  (pp.  20-24).  We  have  made  use 
here,  as  before,  of  the  ordinary  biometric  constants  and  their  prob- 
able errors.  A  few  words  should  be  said,  however,  regarding  some 
methods  of  computation  which  have  been  used  in  the  present  paper. 
The  constants  for  monthly  egg  production  have  been  calculated* 
directly  from  the  ungrouped  frequency  distributions  of  the  appendix. 
Since  ungrouped  distributions  were  used,  and  since,  further,  as  will 
be  apparent  to  anyone  studying  these  distributions,  there  is  no  ap- 
proach to  high  contact  at  one  end  of  the  distributions  at  least, 
Sheppard's  correction  of  the  second  moment  has  not  been  used  in 
calculating  the  standard  deviations.  Instead  the  raw  second  moment 
has  been  used  throughout.  The  computations  have  been  very  care- 
fully checked,  this  being  done  in  most  cases  independently  by  two 
different  persons.  In  nearly  every  case  the  tabled  constants  have 
been  checked  independently  three  or  four  times.  It  is  hoped  that 
there  are  no  errors  in  the  computations  remaining  in  the  published 
work,  although  it  is  impossible  in  so  extensive  a  piece  of  statistical 
work  as  this  to  be  absolutely  sure  that  minor  arithmetical  slips  have 
not  gone  by  unnoticed. 
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MEAN  BOa  PBODHCTION  IN  BACH  MONTH  OF  THE  YEA&. 

In  undertaking  the  discussion  of  the  monthly  distribution  of  e^ 
production  it  is  obvious  that  the  most  logical  point  at  which  to 
begin  is  with  the  mean  or  average  monthly  production  for  each  month 
of  the  year.  These  monthly  averages  give  the  fundamental  data 
around  which  the  remainder  of  the  discussion  clearly  must  center. 

The  values  of  the  mean  or  average  monthly  egg  production  of 
the  Maine  station's  Barred  Plymouth  Rock  flocks  for  the  period 
from  November,  1899,  to  November,  1907,  are  given  in  Table  1.  In 
this  table  is  given  for  each  month,  year,  and  pen  the  actual  mean 
number  of  eggs  per  bird  produced  during  that  month  and  the  probable 
error  of  this  mean.  There  is  also  included  for  each  month,  year,  and 
pen  the  percentage  which  the  actual  monthly  average  for  that  month 
is  of  the  total  production  for  the  year.  Thus,  from  the  first  row  and 
column  of  Table  1  it  appears  that  in  November,  1899,  the  average  egg 
production  per  bird  was  4.31  ±.48,  and  that  this  egg  production 
was  3.1  per  cent  of  the  total  annual  average  production  for  that  year. 
It  was  pointed  out  in  Part  I  that  in  the  years  1904  to  1907  the  birds 
were  kept  in  pens  of  three  different  sizes,  containing,  respectively,  50 
100,  and  150.  For  these  years  averages  are  given  in  the  table  for 
each  of  these  flock  sizes.  In  the  last  three  lines  of  the  table  are  given 
the  weighted  means  of  egg  production  for  each  of  these  three  years. 
These  weighted  means  were  calculated  in  exactly  the  same  way  as 
were  the  weighted  means  for  annual  production  for  the  same  years 
in  Part  I  (p.  27).  The  number  of  birds  finishing  records  in  each  year 
is  given  in  the  last  column  of  the  table. 

Table  1. — Average  monthly  egg  'production  and  percentage  of  total  yearly  production  of 
Barred  Plymouth  Rock  flocks  at  Maine  Experiment  Station j  1899  to  1907. 


1899-1900 

1900-1901 

1901-2 

1902-3 

1905-4 

1904-5: 

50-bird  pens 
lOO-bird  pens. 
150-bird  pens. 

1905-6: 

50-bird  pen 
100- bird  pens 
150-bird  pens. 

190fr-7: 

fiO-bird  pen 
100-bird  pens, 
150-bird  pens. 

1904-5,  weighted  mean 

1905-6,  weighted  mean, 

1906-7,  weighted  mean 


Per 
cent 
of  an- 
nual. 


5.70±.33 
4.32±.33 
4.67±.27 

10.41 

13.07 
4.87 


12.1 
8.6 
9.8 
4.4 

7.4 

7.5 
&6 
9.5 

9.9 
10.5 
10.5 


8.2 
10.3 


February 
actual 
mean. 


Per 
cent 
of  an- 
nual. 


1 


9.83±.55 
14.27±.45 
11.67±.68 

9.62±.38 
12.27±.29 

13.48db.26 
11.28±.43 
9.11i:.39 

14.46±.29 
13.39±.33 
11.64±.2S 

10.49^.32 

5.18±.30 

6.S2±.28 

11.90 

12.93 

7.41 


7.2 

9.9 
7.5 


10.1 
8.7 
&I 

10.4 

ia5 

9.S 


9.4 

ia2 
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Table  1. — Average  monthly  egg  production  and  percentage  of  total  yearly  production  of 
Barred  Plymouth  Rock  flocks  at  Maine  Experimental  Station,  1899  to  1907— Cont'd. 


Year  and  pen, 


Per 
cent 
of  an- 


189^1900 

190Q-1901 

1901-2 

1902-3 

190»-4 

1904-5: 

fiO-birdpens 

lOO-bira  pens 

150-bird  pens 

1905-6: 

50-birdpen 

lOO-blra  pens 

150-bird  pens 

1906-7: 

50-birdjpen 

lOO-birapens 

150-bird  pens 

1904-5,  weighted  mean, 
1905-6,  weighted  mean 
1906-7,  weighted  mean 


Year  and  pen. 


1899-1900. 
1900-1901. 
1901-2.... 
1902-3. . . . 
1903-4.... 
1904-5: 

50-blrdpens.. 

lOO-binfpens. 

160-bird  pens. 
1905-6: 

50-birdpen... 

100-bird  pens. 

150-bird  pens. 
1906-7: 

50-birdpen... 

100-bird  pens. 

150-bird  pens. 
1904-5,  weighted 

mean 

1905-6,  weighted 


1906-7,  weighted 
mean 


12.27±.30 
11.48±.32 
10.03±.27 


o  Obtained  by  adding  the  averages  for  the  several  months  of  the  year.  The  figures  in  this  column  do  not 
agree  absolutely  with  ttiose  given  in  Table  2  of  Part  I,  owing  to  diflerence  in  the  arithmetical  procedures 
involved.    The  dlflerences  are  insignificant  in  amount  and  do  not  affect  the  results  in  any  way. 

Before  discussing  in  detail  the  individual  monthly  averages  for  the 
several  years  as  given  in  Table  1,  it  will  be  well  to  have  at  hand  a 
summarized  statement  of  these  data.  It  is  desirable  to  have  the 
weighted  mean  production  for  each  month  of  the  year,  as  based  on 
the  whole  period  covered  by  our  statistics.  By  taking  the  data 
from  the  whole  period  in  this  way  and  obtaining  the  weighted  mean 
for  each  month,  it  will  be  possible  to  get  rid  of  the  disturbing  effects 
of  the  chance  fluctuations  coming  in  from  year  to  year  to  influence 
the  egg  production.  The  weighted  mean  monthly  curve  will  give 
us  a  more  just  general  idea  of  the  normal  distribution  of  monthly 
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production  than  can  be  obtained  directly  from  the  detailed  figures. 
In  calculating  such  weighted  mean  monthly  productions  the  proper 
basis  of  the  weighting  is  obviously  that  wliich  has  been  used  pre- 
viously in  this  study,  namely,  to  weight  each  month's  production  for 
a  given  year  with  the  number  of  birds  which  made  the  record. 

In  calculating  the  weighted  mean  monthly  figures  it  will  be  proper, 
of  course,  to  include  only  months  in  which  the  egg  production  was 
normal.  In  those  months  where  an  accident  of  any  kind  interfered 
with  the  egg  production  the  average  for  that  month  of  that  particular 
year  obviously  should  not  be  included  with  the  records  from  the 
other  years.  Consequently,  in  determining  the  weighted  means  we 
have  omitted  all  months  in  which  accidents  occurred  as  described  in 
Parti  (loc.  cit.). 

The  weighted  mean  monthly  productions  obtained  in  the  manner 
indicated  are  given  in  Table  2.  Column  1  of  this  table  gives  the 
absolute  weighted  mean  egg  production  per  bird  for  each  month  of 
the  year.  The  second  column  gives  what  may  be  termed  the  integral 
curve  of  mean  monthly  egg  production.  The  figures  in  this  column 
are  obtained  by  adding  successively  to  the  sum  already  obtained  the 
average  for  each  particular  month  as  given  in  column  1.  The  figures 
so  obtained  show  what  is  the  average  number  of  eggs  produced  per 
bird  up  to  the  end  of  the  designated  month  on  the  basis  of  the  sta- 
tistics here  under  consideration.  An  example  will  make  the  mean- 
ing of  this  column  of  the  table  clear.  From  the  entry  in  column  2 
it  appears  that  in  the  eight  years  from  1900  to  1907  the  average 
number  of  eggs  per  bird  laid  up  to  the  end  of  March  in  the  pullet 
year  is  52.23. 

In  columns  3  and  4  of  the  table  are  given  the  data  of  columns  1 
and  2  in  relative  or  percentage  form.  Column  3  gives  for  each 
month  the  percentage  which  the  weighted  mean  production  per  bird 
of  that  month  (as  given  in  column  1)  is  to  the  total  yearly  production. 
Column  4  gives  the  integral  curve  of  the  data  of  column  3.  The 
significance  of  the  figures  in  column  4  may  again  be  illustrated  by 
an  example.  From  the  data  in  this  column  it  appears  that,  on  the 
average,  taking  the  results  for  the  whole  period  covered  by  the  study, 
40.52  per  cent  of  the  total  number  of  eggs  produced  in  the  pullet  year 
were  laid  before  April  1.  Column  5  of  the  table  gives  the  years  from 
which  records  were  used  to  obtain  the  data  in  the  preceding  columns. 
This  column  shows  what  years  had  a  particular  monthly  record 
omitted  because  of  an  accident  in  that  month.  Thus,  for  example, 
it  may  be  seen  that  in  determining  the  weighted  mean  production 
for  the  month  of  November  the  data  from  the  laying  year  1903-4 
were  not  included.  Reference  to  page  17  of  Part  I  of  this  study 
shows  that  the  reason  for  this  was  that  the  birds  made  no  record  in 
November,  1903,  because  they  were  not  moved  into  the  laying  house 
that  year  until  the  5th  of  December. 
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Table  2. — Weighted  mean  monthly  egg  production,  with  monthly  and  periodical  per- 
centages. 


Absolute 

weighted 

Percentage 

Month. 

Absolute 

weighted 

mean  egg 

production 

mean  egg 
production 
from  No- 
vember 1 

Percentage 
of  total 

yearly  pro- 
duction 

of  total 
annual 
yield  be- 
tween No- 

in   computing    weighted    monthly 

per  bird 

of  pullet 

during 
month. 

vember  1 

me&ns.o 

for  month. 

year  to  the 

and  end  of 

end  of  the 

month. 

month. 

Number. 

Number. 

PercerU. 

PercerU. 

November 

4.63 

4.63 

3.59 

3.50 

1£ 

December 

&91 

13.54 

&91 

laso 

18 

January 

11.71 

2^25 

9.06 

19.58 

IS 

February 

10.87 

3a  12 

8.44 

28.02 

IS 

07. 

March 

16.11 

52.23 

12.50 

4a  52 

Ifl 

»7. 

April...... 

15.85 

68.0$ 

12.30 

•     52.82 

19 

May 

13.92 

82.00 

10.80 

63.62 

Ifl 

June 

12.46 

94.46 

9.67 

73.29 

19 

)07. 

July 

10.87 

105.33 

8.44 

81.73 

19 

»7. 

August 

9.84 

115.17 

7.64 

89.37 

19 

K)7. 

September 

8.19 

123.36 

6.36 

96.73 

19 

»7. 

October 

5.50 

128.86 

4.27 

100.00 

19 

•  Total 

128.86 

100.00 

a  In  the  years  for  which  data  are  not  included  In  any  particular  month  either  an  accident  interfered 
with  the  egg  production  in  that  month  or  there  was  no  record  for  that  month  in  those  years. 

With  the  fundamental  data  given  in  Table  I  of  the  appendix  and 
Tables  1  and  2  of  this  section  in  hand,  we.  may  proceed  to  the  dis- 
cussion of  the  specific  problems  with  which  this  part  of  the  work  has 
to  do. 

THE   MONTHLY  DISTRIBUTION   OF   EGG  PRODUCTION. 

The  first  question  which  needs  to  be  considered  is  as  to  the  general 
form  of  the  monthly  egg-production  curve.  In  the  discussion  of 
this  matter  here  use  will  be  made  only  of  the  Barred  Plymouth  Rock 
data  already  presented.  The  data  given  in  column  1  of  Table  2  may 
be  taken  as  the  basis  from  which  to  gain  a  general  idea  of  the  form 
of  the  monthly  egg  distribution  polygon.  In  figure  1  these  data  are 
shown  graphically. 

It  may  be  noted  from  the  data  given  in  Table  2  and  figure  1  that — 

1.  The  form  of  the  monthly  egg-production  polygon  is  in  general 
somewhat  like  that  of  a  frequency  curve  of  variation.  The  polygon 
has  a  single  peak,  and  from  that  point  slopes  down  toward  the  base 
line  on  both  sides.  The  peak  comes  at  a  point  not  far  from  the  middle 
of  the  laying  year  with  the  limits  here  used. 

2.  Considering  the  form  of  the  polygon  somewhat  more  in  detail, 
we  note  that  the  line  starts  from  a  low  point  in  November  and  rises 
rather  rapidly  and  in  almost  a  straight  line  to  January.  The  slope 
of  the  line  from  January  to  February  is  downward.  In  other  words, 
there  is  an  indentation  in  the  ascending  limb  of  the  egg-production 
polygon  in  the  month  of  February.  Tliis  is  a  very  characteristic 
feature  of  the  distribution  of  eg^  production,  not  only  observed 
with  the  birds  here  under  discussion  but  also  in  published  records 
from  other  sources. 
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A  study  of  Table  1  shows  that  this  is  generally  true  for  every  year 
covered  by  the  investigation.  While  the  February  mean  production 
is  not  necessarily  actually  lower  than  the  January,  though  this 
is  true  in  many  cases,  there  is  a  perceptible  slowing  of  the  rate  of 
increase  in  egg  production  which  has  obtained  up  to  that  time.  The 
most  probable  interpretation  of  this  appears  to  us  to  be  that  the  Feb- 
ruary indentation  in  the  egg-production  curve  represents  a  rest  or 
reaction  after  the  winter  laying  and  in  anticipation  of  the  heaTj 
March  and  April  production.  It  marks  the  completion  of  a  laying 
cycle  on  the  part  of  those  birds  which  have  been  laying  during  the 
winter  months.  After  the  maximum  is  reached  in  March,  the  descend- 
ing limb  of  the  egg-production  polygon  begins.  This  limb  is  very 
nearly  a  straight  line  over  its  whole  extent.  There  is,  however,  a 
slight  but  characteristic  indentation  to  be  noted  in  May.     This,  like 
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Fio.  i.— Diagram  showing  the  weighted  mean  monthly  egg  production  (or  each  month  of  the  pallet  year. 

the  February  falling  off  in  production,  is  probably  to  be  r^arded 
as  the  result  of  a  reaction  after  a  period  of  heavy  laying.  It  marks 
the  completion  of  the  spring  laying  cycle.  The  May  depression  is, 
further,  an  expression  of  the  normal  brooding  season  following  the 
heavy  laying  of  March  and  April.  From  May  on  the  line  descends 
in  a  nearly  straight  course  to  a  low  point  in  the  last  month  of  the 
laying  year,  October. 

3,  The  slope  of  the  ascending  limb  of  the  production  curve  is 
steeper  than  that  of  the  descending  limb.  The  rise  in  e^  production 
to  the  maximum  is  more  rapid  than  is  the  descent  from  that  point. 

The  curve  of  mean  monthly  egg  production  is  shown  in  integral 
form  in  figure  2.  This  method  of  dealing  with  the  data  brings  out 
some  additional  points.  The  curve  shown  in  this  filgure  is  the  graph 
of  colunms  2  and  4  of  Table  2. 
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From  figure  2  and  the  data  in  Table  2  we  note — 

1.  The  average  egg  production  for  the  whole  pullet  year,  taking 
the  whole  period  covered  by  the  statistics  into  consideration,  was 
128.86  e^s. 

2.  Of  this  total  annual  production,  28.02  per  cent  (or  36.12  eggs) 
is  produced  in  the  winter  months  (November  1  to  March  1).  In  this 
third  of  the  year  only  about  two-sevenths  of  the  total  number  of  eggs 
are  laid. 

3.  In  the  period  from  November  1  to  July  1,  73.29  per  cent  of  the 
total  number  of  e^s  is  produced.  Or,  in  other  words,  in  the  first 
two-thirds  of  the  laying  year  nearly  three-fourths  of  the  year's  eggs 
are  laid. 


NC¥,      OeC.  JAN.    FEB.    AMM!  JIPR.   /MT  *Wm Mf  AU0.    S£Pt  TIct' 

Fio.  2.— Integral  curve  of  weighted  mean  monthly  egg  production,  showing  the  absolute  and  relative  num- 
ber of  eggs  laid  tnm  the  banning  of  the  laying  year  up  to  the  and  of  each  month. 

4.  From  March  1  to  June  1,  35.60  per  cent  of  the  total  number  of 
eggs  is  produced.  In  this  particular  quarter  of  the  laying  year 
a  little  more  than  a  third  of  the  eggs  are  laid. 

5.  The  figures  given  in  Table  2  are  likely  to  prove  useful  in  future 
discussions  of  egg-production  statistics.  They  furnish  an  accurate 
and  trustworthy  datiun  with  which  other  figures  may  be  compared. 
The  need  for  such  a  trustworthy  basis  for  comparative  discussion  has 
been  keenly  felt  in  studies  on  egg  production. 

A  question  which  needs  more  particular  discussion  than  has  so  far 
been  given  it  in  this  paper  is  as  to  exactly  where  in  the  laying  year 
the  maximum  of  productivity  per  unit  of  time  occurs.     Does  this 
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maximum  point  occur  at  the  same  time  each  year,  or  does  it  vary 
irregularly  from  year  to  year? 

It  is  apparent  from  Table  2  that  if  the  weighted  mean  figures  for 
the  whole  period  covered  by  the  investigation  be  taken,  the  month 
of  maximum  production  is  March.  The  weighted  mean  for  April 
however,  falls  below  that  for  March  by  only  0.26  egg — a  Very  small 
amount.  The' facts  regarding  the  individual  years  may  most  clearly 
be  shown  graphically.  In  figure  3  are  platted  the  mean  productions 
for  the  months  of  March  and  April  of  each  year.  Since  the  maxi- 
mum production  falls  in  one  or  other  of  these  months  in  the  present 
statistics,  it  will  not  be  necessary  to  consider  other  months  in  this 
connection. 

From  this  diagram  it  is  clear  that  neither  March  nor  April  has 
uniformly  held  the  place  as  the  month  of  maximum  production 
during  the  period  covered  by  the  investigation.  In  the  earUer  yeare 
(1899-1900  to  1902-3)  April  had  a  larger  average  than  March  and 
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Fn.  8.~Diagram  showing  the  fluctuatioiis  of  mean  monthly  egg  production  in  the  two  months  of  maximum 

production,  March  and  April. 

was  the  month  of  maximum  production.  From  1903-4  to  1905-6, 
inclusive,  March  had  a  larger  mean  production  than  April.  The 
relation  is  reversed  again  in  the  last  year  covered  by  the  statistics 
(1906-7),  though  in  this  year  the  averages  for  March  and  April  are 
very  nearly  the  same. 

It  further  appears  that  the  change  in  the  month  of  maximum  prcv 
duction  which  occurs  as  we  pass  from  the  laying  year  1902-3  to  1 903-4 
is  entirely  due  to  a  marked  drop  in  the  average  April  production  for 
1903-4  and  subsequent  years.  The  mean  March  production  holds 
at  about  the  same  general  level  throughout.  This  change  appears 
to  have  been  due  to  the  fact  that  in  the  fall  of  1903  the  birds  were  for 
the  first  time  put  into  a  ** curtain-front"  house.  In  the  earUer  years 
of  the  experiment  the  birds  had  been  housed  in  tight,  warmed  houses. 

Putting  all  the  data  together  the  following  statement  may  be  made: 
So  long  as  the  birds  were  kept  in  warmed,  tight  houses  the  month  of 
maximum  average  egg  production  was  April.  When  the  change  to 
the  curtain-front  system  of  housing  was  made  the  April  average 
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immediately  dropped  below  that  of  March,  the  latter  then  becoming 
the  month  of  maximum  production.  The  highest  weighted  mean 
monthly  average  is  that  for  March.  This  arises  because  of  the  larger 
number  of  birds  and  consequently  greater  weight  given  to  the  aver- 
ages in  the  later  years. 

Another  question  to  be  considered  is  as  to  which  is  the  month  of 
minimum  average  production.  This  clearly  is  either  November  (at 
the  beginning  of  the  laying  year)  or  October  (the  end  of  the  j^ear). 
The  weighted  mean  figures  of  Table  2  and  figure  1  show  the  month 
of  minimum  average  production  over  the  whole  period  to  have  been 
November.  The  weighted  mean  production  for  that  month  is  very 
nearly  one  egg  lower  than  that  for  October. 

Turning  to  the  records  for  individual  years,  the  facts  are  shown 
graphically  in  figure  4.  In  this  diagram  are  platted  the  October  and 
November  means  for  each  year,  except  the  November  record  for 
1903-4  and  the  October  record  for  1906-7.  As  has  been  pointed 
out  already,  there  were  no  records  for  these  months. 
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Fio.  4.— Diagram  .showing  ttie  fluctuation  of  mean  monthly  egg  production  in  the  two  months  of  minimum 
production,  October  and  November. 

From  this  diagram  it  appears  that  there  is  no  steady  tendency  for 
the  November  mean  production  to  be  lower  than  the  October,  dl* 
vice  versa.  In  different  years  either  month  may  show  the  lower 
production.  The  only  conclusion  that  can  be  safely  drawn  from 
the  data  is  that  either  one  or  other  of  these  two  months  shows  the 
minimum  production  for  the  year — which  one  depending  upon  cir- 
cumstances. 

VABIATION  m  EOO  PBODITCTION  IN  EACH  MONTH  OF  THE  YEAB. 

In  discussing  the  variability  in  egg  production  in  the  different 
months  of  the  year  use  will  be  made  of  the  same  variation  constants 
as  in  Part  I  of  this  paper,  namely,  the  standard  deviation  and  the 
coefficient  of  variation."     It  will  be  found  to  be  the  case  with  the 

«A  description  of  the  significance  of  these  two  variation-measuring  constants — 
standard  deviation  and  coefficient  of  variation— is  given  in  Part  I,  page  27,  and  need 
not  be  repeated  here.  It  suffices  merely  to  recall  that  the  standard  deviation  is  the 
measure  of  absolute  variation  in  terms  of  eggs,  whereas  the  coefficient  gives  the  rela- 
tive variation  in  per  cent. 
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monthly  distributions,  just  as  with  the  annual,  that  the  coefficient 
of  variation  is  the  more  trustworthy  constant  on  which  to  base  one's 
judgment  as  to  the  actual  degree  of  existing  variability  in  this  char- 
acter. The  reason  for  this  is  that  the  absolute  average  production 
is  so  different  in  the  different  months.  In  consequence  of  this  the 
absolute  amount  of  ''scatter"  in  the  distributions  is  changed.'^ 

In  calculating  the  variation  constants  for  the  monthly  distribu- 
tions the  same  methods  were  used  as  have  been  described  in  Part  I. 
Just  as  in  the  case  of  the  means  (cf.  p.  87,  supra),  so  in  the  case  of 
the  variation-measuring  constants,  weighted  average  figures  have 
been  taken  for  the  three  laying  years,  1904-5, 1905-6, 1906-7,  where 
the  birds  were  kept  in  flocks  of  different  sizes.  The  weighting  was 
done  here,  as  before,  on  the  basis  of  the  number  of  birds  in  each  pen. 

On  account  of  the  fact  that  the  standard  deviation  has  compara- 
tively little  significance  in  discussions  of  variation  in  e^  production, 
it  has  not  seemed  necessary  or  advisable  to  take  the  time  to  calcu- 
late the  probable  errors  for  all  the  standard  deviations  of  the  monthly 
distributions.  The  probable  errors  have  been  determined,  however, 
for  the  coefficients  of  variation. 

The  data  for  variation  in  monthly  egg  production  are  given  in  Tables 
3  and  4.  Table  3  contains  the  standard  deviation  in  egg  production 
for  each  month  covered  by  our  statistics  and  Table  4  the  coefficient 
of  variation. 

Table  3. — Standard  deviation  in  egg  juroduction  of  Barred  Plymouth  Hocks  for  each 

month  of  the  laying  year.b 


Year  and  flock. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

.Vpr.    May. '  June.  July. 

Aug. 

Sept. 

Oct. 

1899-lfiOO 

6.00  \  9.05 
5.40  '  8.83 
8.3.5  1  8.46 
7.60  1  6.32 

6.69 
7.96 
5.79 
7.67 
7.46 

8.41 
7.22 
7.89 

7.46 
7.65 

8.44 

6.75 
6.67 
6.72 
8.06 
7.94 
6.f« 

6.79 
6.13 
5.92 
6,76 
6.93 

6.50 
6.11 
6.78 

5.04 
6.52 
6.80 

6.55 
6.08 
6.89 
6.51 
6.30 
6.6() 

5.81 
6.16 

4.81 
5.86 
6.54 

5.80 
5.93 
7.14 

5.15 
5.75 
4.80 

6.01 
6.17 
6.58 
6.19 
5.21 
6.30 

5.43 
5.66 
5.13 
5.74 
5.67 

5.97 

5.72 
6.18 
5.99 
5.65 
5.53 

6.85 

6.28 
6.75 
4.07 
5.96 
6.16 

6.49 
6.49 
7.44 

4,83 
5.92 
5.62 

6.05 

5.68 
6.38 
6.08 
5.96 
5.75 

6.  .53 
7.12 
7.80 

5.25 
6.23 
6.14 

6.12 
6.46 
6.63 
6.98 
5.92 
6.44 

6.44 
7.05 
6.55 
7.28 
6.31 

6.n 

6.91 
6.71 

5.57 
5.58 
&92 

5.40 
6.57 
6.24 
6.78 
5.72 
6.09 

6.39 
7.16 
7.75 
7,31 
6.72 

7.66 
7,86 
7.17 

6.53 
6.(3 
6.57 

4:85 
6.45 
5.61 
7,56 
6.58 
5.63 

6.36 

19U0-1901 

6.62 

1901-2 

6.15 

1902-3 

7.06 

1903-4 

5.00 
7..'» 

5.81 

1904-5: 

SO-blrdpens 

4.64 

7.40 

7.77  i  7.39 
7. 23     8. 10 

1 
6.83     9.10 
6.48     8.87 
5.47     9.26 

5.06  '  6.77 
6.06  '  7.90 

5.99  1  5.76 
6.37     7.24 

4.61     5.28 
5.16     5.76 
4.86     5.64 

5.73     6.23 

6.78 

ISO-bird  pens 

6.25 

1905-6: 

50-blrdpens 

lOO-blrcfpens 

6.58 
6.19 

150-bird  pens 

&02 

1906-7: 

50-birdpens 

lOO-blra  pens 

5.63  1  5.98     5.99 

150-birdpens 

6.92 
5.90 
6.14 
6.14 

8.01 
7.69 
9.10 
7.02 

5.94 
6.08 
4.87 
5.79 

5.95 
6.76 
5.57 
6.04 

6.45 
6.75 
5.48 
6.21 

1904-6,  weighted  mean 

1906-6,  weiRhted  mean 

1906-7,  weighted  mean 

6.96 
6.23 

a  For  a  discussion  of  this  point  see  Part  I  of  this  study,  page  27. 

fr  Becaa<$e  of  the  fact  that  tne  standard  deviation  is  not  the  signlflcant  measure  of  yariation  In  egg-pro- 
duction statistics,  probable  errors  have  not  been  calculated  for  the  constant-s  in  this  table.  From  the  aata 
?1ven  in  this  table  and  in  Table  1  anyone  can  easily  calculate  the  probable  error  of  any  standard  de\ia- 
ion  in  this  table.  In  general,  the  probable  error  of  the  standard  deviation  will  be  approximately  71  per 
cent  of  the  probable  error  of  the  corresponding  mean  as  given  in  Table  1. 
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Table  4. — Coefficients  of  variation /or  the  egg  vroduction  of  Barred  Plyirumth  Rocks  for 
each  month  of  the  laying  year. 


Year  and  aock. 


November. 


December. 


January. 


February. 


1899-1900 

1900-1901 

1901-2 

1903-3 

1903-4 

1904-5: 

SO-bird  pens 

lOO-blrapens 

150>bird  pens 

1905-«: 

fiU-birdpens 

lOO-birdpens 

ISO-bird  pens 

190&-7: 

£0-bird  pens 

lOO-bird  pens 

150-blrd  pens 

1904-ft^ weighted  mean. 
1905-6,  weighted  mean. 
1906-7,  weighted  mean. 


139.10±17.50 
175.18^:22.04 
131.84i:19.20 
128.17^10.44 


160.92^11.34 
120.57±10.62 
128. 21  ±10. 70 

108. 59d:  7.11 
120. 25±  8.39 
148. 96±  9.99 

155.77±13.14 
183.96±17.98 
161.87±ll.fi0 

144.82 

129.41 

106.38 


87.99±  8.01 
107.83i:10.17 

70.37±  6.83 
139.60i:12.15 
100. 71  ±5.25 

134. 82±  8.23 
69.24±  4.82 
88.27±  5.60 

92.33±  5.43 
89.48±  5.11 
96.37±  4.69 

144.06±11.41 
128. 28±  9.32 
102. 15±  5.11 

110.45 
93.26 

121.56 


39.70±  2.60 
64.53±  4.53 
38.06±  2.98 
129.13±10.58 
85.63±  4.03 

83.85±  3.69 
64.99±  4.39 
73.63±  4.28 

53.93±  2.42 
57.64±  2.63 
67.83±  2.70 

118. 53±  8.07 
152. 01  ±12. 64 
143. 93±  9.29 

77.70 

61.01 
138.94 


09.05±5.50 
42.93±2.60 
50.72±4.30 
70.25±3.90 
66.48±2.16 

48.23±l.e6 
64.17±3.30 
74.46±4.36 

a0.02±1.59 
48.72±2.09 
58.38±2.18 

62.44±2.01 
117.33±7.97 
100.99±6.01 

56.42 

50.18 

94.58 


Year  and  flock. 


March. 


April. 


May. 


June. 


1809-1900 

1900-1901 

1901-2 

1902-3 

1908-4 

1904-5: 

£0- bird  pens 

lOO-birdpens 

150-blrd  pens 

1905-6: 

50-blrd  pens 

lOO-blrd  pens 

150>bird  pens 

1906-7: 

50-blrd  pens 

lOO-bird  pens 

150-bird  pens 

1904-5,  weighted  mean 
1905-6,  weighted  mean 
1906-7,  weighted  mean 


44.58±3.00 
35.06±2.00 
28.02±2.07 
39.14±1.76 
37.88±1.29 

32.25±1.00 
48.46±2.92 
50.42±3.13 

28.17±l.a6 
33.17±1.30 
28.76±0.89 

33.03±1.31 
44.19±1.83 
44.90±1.51 

42.53 

29.86 

41.56 


33.79±2.13 
31.49±1.78 
27.74±2.05 
32.39±1.40 
38.34±1.31 

38.50±1.24 
38.16±2.1fi 
48.38±2.36 

27.96±1.07 
34.17±1.34 
31.98±1.01 

33.45±1.29 
34.31±1.34 
39.0e±1.28 

41.13 

31.48 

36.00 


37.30±2.41 
40.00±2.38 
36.87±2.86 
3.T21±1.44 
47.53±1.71 

49.68±1.72 
40.09±2.29 
60.56±3.21 

46.20±1.96 
53.63±2.3S 
52.88±1.90 

43.18±1.76 
30.28±1.56 
46.02±1.57 

50.92 

51.22 

43.30 


60.13±3.50 
47.11±2.93 
24.12±1.75 

37.66±l.e8 
50.22±1.84 

51.52±1.81 
48.65±2.94 
72.76±4.03 

35.85±1.44 
46. 41  ±1.96 
48.25±1.68 

54.37±2.a9 

45.72±1.91 

60.74±2.28 

56.78 

44.25 

54.66 


Year  and  flock. 


1899-1900 

1900-1901 

1901-2 

1902-3 

1903-4 

1904-5: 

50-birdpens 

lOO-bird  pens 

150-bird  pens 

1905-6: 

SO-UrdpeM 

100-birdpens 

150-bird  pens 

1906-7: 

50-blrd  pens 

lOO-bird  pens 

150-bird  pens 

1904-5,  weighted  mean 
1905-6,  weighted  mean 
1906-7,  weighted  mean 


July. 


47.73±3.27 
48.30±3.03 
40.79±3.24 
38.27±1.70 
5G.50±2.16 

60.07±2.23 
61.16±4.02 
79. 51  ±4. 82 

50.06±2.19 
r.3.28±3.00 
67.56±2.69 

49.88±2.13 
56.28±2.52 
66.07±2.57 

65.55 

61.43 

58.66 


August. 


September. 


55.82±4.05 
60.46±3.49 
49.57±4.17 
67.87±2.94 
62.86±2.52 

63.75±2.43 
64.28±4.32 
82. 81  ±5. 14 

69.40±2.77 
79.10±4.20 
88.54±4.06 

46.20±2.50 
5fi.36±2.53 
67.37±2.65 

60.03 

77.67 

58.19 


68.e9±5.46 
69.25±5.01 
83.30±8.88 
60.19±3.81 
67.68±2.80 

70. 81  ±2. 84 
74.05±5.33 
95.64±6.48 

67.13±3.31 
89. 44  ±5. 10 
96.83±4.72 

107.40±6.12 

80.75±4.30 

120.29±6.75 

78.14 

86.39 

105.40 


October. 


101.92±10.10 
122.68±12.71 
163.96±28.51 
130.67±10.80 
109. 03±  7.13 

103. 87±  5.10 
123.52±13.82 
111.86±  8.43 

113. 45±  7.67 
132. 77±  9.9B 
140. 27±  8.96 


109.28 
130.60 
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The  first  point  which  it  is  necessary  to  take  up  is  in  regard  to  the 
general  trend  of  the  variability  in  egg  production  in  the  different 
months  of  the  year.  In  order  to  do  this  satisfactorily  it  is  desirable 
to  have  in  hand  the  weighted  average  figures  for  each  month  based 
on  the  whole  experience  covered  by  the  statistics  (1899  to  1907). 
It  is  as  necessary  to  have  these  weighted  figures  in  the  case  of  varia- 
tion constants  as  it  was  in  the  case  of  the  means.  They  smooth  out 
the  insignificant  fluctuations  of  individual  years.  Such  weighted 
average  values  for  the  standard  deviations  and  coefficients  of  varia- 
tion are  given  in  Table  5.  The  weighting  is  again  made  on  the  basis 
of  the  number  of  individuals  involved. 

Table  5. —  Variation  in  monthly  egg  production:  Weighted  mean  standard  devioHouM 
and  coefficients  of  variation  oased  on  total  period  1899-1907  fi 


Month. 


NoYomber. 
December. 
January... 
February.. 

Mareh 

AprU 

May 

June 

July 

August — 
September 
October. . . 


Weighted   I   Weighted 
mean  stand- '  mean  ooeffl- 
arddevia-        dent  of 
tlon.  variation. 


e.20 

8.52 
7.78 
6.53 
&M 
5.82 

an 

6lOB 
6l28 
a29 
6.63 
6l48 


Per 


cent. 

146^40 
99163 
68.82 
65.75 
37.76 
37.03 
44.72 
49.  S5 
57.94 
65.96 
85.58 

121.30 


o  In  calculating  these  mean  figures  no  month  was  Included  which  was  In  any  respect  abnormal.  By 
reference  to  column  5  of  Table  2,  the  years  which  contributed  data  to  the  averages  for  each  month  may  In 
determined. 

The  data  given  in  Table  5  are  shown  graphically  in  figures  5  and  6. 
With  these  data  in  hand  we  may  proceed  to  discuss  some  of  the 
problems  regarding  variability  in  monthly  egg  production.  It  has 
been  shown  in  Part  I  (pp.  28,  29)  that  a  certain  degree  of  variation 
in  annual  production  is  fairly  constant  and  characteristic  for  the 
flocks  here  under  consideration.  Is  this  same  degree  of  relative 
variability  characteristic  for  each  month  of  year?  Or  is  some  other 
definite  degree  of  variability  more  or  less  characteristic  for  the 
monthly  distribution  ?  Or  is  it  the  case  that  the  flocks  show  greater 
variability  in  certain  seasons  of  the  year  than  in  others  ?  If  the  last 
is  true,  how  are  these  difl'erences  distributed  ? 

We  may  in  this  connection  consider  first  the  standard  deviations. 
An  examination  of  the  data  in  Table  5  and  figure  5  shows  that  starting  at 
a  point  of  maximum  absolute  variation  in  December  there  is  a  steady 
and  rather  rapid  decrease  until  the  minimum  is  reached  in  April. 
From  that  point  on  to  the  end  of  the  laying  year  in  October  there  is 
a  very  much  more  gradual  but  still  distinct  increase  in  the  value  of 
the  standard  deviation.     The  standard  deviation  of  egg  production 
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in  the  month  of  November  does  not  fall  into  this  scheme  shown  by 
the  remaining  months  of  the  laying  year.  If  it  did  it  should  have  a 
higher  value  than  that  for  December,  whereas,  as  a  matter  of  fact, 
the  standard  deviation  for  November  is  just  about  the  same  as  that 
for  May  and  is  very  much  below  that  for  December.  Leaving  this 
single  month  out  of  account  for  the  moment,  however,  it  is  plain 


1!S7 
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Fio.  5.— Diagram  ahowing  weighted  mean  value  of  the  standard  deviation  for  each  month  in  the  laying  year. 

that  the  curve  of  absolute  variability  in  egg  production  is  in  a  general 
way  similar  to  the  curve  of  mean  monthly  egg  production  turned 
upside  down.  Where  the  curve  of  mean  monthly  production  increases 
rapidly  the  curve  of  absolute  variability  in  egg  production  decreases 
rapidly  (December  to  April).     On  the  other  hand,  where  the  curve 


NOV.    DEC.  JAN.     FEB.    MAR.  APR.   MAY  JUNe  JULY  AUG.  ^EPT  OCT 
Fio.  6.— Diagram  showing  weighted  mean  value  of  the  coeflu  lent  of  variation  for  each  month  in  the  laying 

year. 

of  mean  production  docrcasos  slowly  the  curve  of  absolute  variability 
in  egg  production  increases  also  slowly.  The  exception  aflforded 
by  the  month  of  November  to  this  rule  is  due  to  the  fact  that  there 
is  a  very  high  frequency  of  zero  pro<hiction  in  the  November  distri- 
butions. (See  Appendix  II,  Table  I.)  There  are  many  hens  which 
do  not  begin  to  lay  in  November.     Hence  there  is  very  little  absolute 
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''scatter''  to  the  distribution  for  this  month.  Consequently  it  may 
be  said  that  while  as  a  general  rule  the  absolute  variation  in  egg 
production  is  greater  when  the  average  production  per  bird  is  low, 
this  relation  fails  to  hold  when  the  laying  gets  so  poor  that  the  major 
part  of  the  flock  lays  no  eggs  at  all,  thus  putting  a  large  frequency 
on  one  base  element,  viz,  zero.  This  point  will  appear  more  clearly 
when  the  form  of  distribution  for  the  individual  months  is  taken  up 
(p.  126).      . 

Turning  to  a  consideration  of  the  curve  of  relative  variability  in 
egg  production  in  the  different  months  as  given  by  the  data  in  the 
second  column  of  Table  5  and  in  figure  6,  we  see  the  same  relation 
as  is  given  by  the  standard  deviations,  but  in  a  much  more  pro- 
nounced and  distinct  form.  The  curve  starts  with  a  maximum 
relative  variability  in  November  and  falls  steadily  and  rapidly  to  a 
minimum  in  March  and  April.  It  then  rises  gradually  and  in  almost 
a  straight  line  to  August.  From  August  to  the  end  of  the  year  in 
October  the  line  of  the  coefficient  of  variation  rises  at  a  still  sharper 
angle  to  the  base.  The  data  furnished  by  both  absolute  and  rela- 
tive measures  of  variation  lead  to  the  general  result  that  when  flocks 
are  laying  well  there  is  a  great  deal  of  uniformity  in  regard  to  their 
laying  (i.  e.,  little  variation),  whereas  when  they  are  laying  poorly 
they  exhibit  a  great  deal  of  variation. 

There  are  one  or  two  matters  of  detail  in  regard  to  these  curves  of 
variation  in  monthly  egg  production  which  it  is  desirable  to  discuss 
briefly.  First,  in  respect  to  the  time  of  the  year  in  which  the  maxi- 
mum degree  of  variabiUty  in  egg  production  is  exhibited,  it  is  of 
interest  to  note  that  this  time  is  at  the  beginning  of  the  pullet-laying 
year  rather  than  at  the  end.  Thus,  in  figure  5  November  and 
December  show  higher  values  of  the  coefficient  of  variation  than  do 
September  and  October.  The  same  is  true  for  the  standard  devia- 
tions save  only  for  the  exception  made  by  November. 

The  month  of  minimum  variability,  both  absolute  and  relative, 
is  April.  The  difference,  however,  in  the  variability  in  production 
between  March  and  April  is  so  small  as  to  be  insignificant  in  the 
weighted  figures  or  in  any  single  year.  It  is  of  some  interest  to  note, 
though,  that  with  the  single  exception  of  the  year  1901-2  the  standard 
deviation  is  lower  for  April  than  for  March  (see  Table  3).  In  two 
years — 1903-4  and  1905-6 — the  coefficient  of  variation  is  greater 
in  April  than  in  March.  There  is  clearly  no  definite  change  after  the 
year  1902-3  in  the  degree  of  absolute  or  relative  variability,  such  as 
was  scon  to  be  the  case  with  the  mean  production  (see  p.  92). 

From  the  data  given  in  Table  2  of  Part  I  (p.  28)  it  is  possible  to 
determine  the  following  two  values  based  on  the  whole  experience 
covered  by  our  statistics  (1899-1907): 

Weighted  mean  standard  deviation  for  annual  egg  production  =« 
41.74  eggs. 
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Weighted  mean  coefficient  of  variation  for  annual  egg  production  = 
34.21  per  cent. 

Comparing  these  with  the  monthly  variabilities  it  is  seen  that,  as 
would  be  expected,  (a)  the  absolute  variation  or  *' scatter"  is  much 
greater  for  the  annual  distributions  than  for  any  of  the  monthly. 
(b)  Relatively,  however,  there  is  no  month  which  on  the  average 
shows  so  low  a  variabiUty  in  proportion  to  its  mean  as  does  the  pro- 
duction of  the  whole  year.  April  comes  nearest  to  this,  but  it  falls 
short  neariy  3  per  cent. 

THE  NATURAL  DIVISIONS  OF  THE  LAYINO  YEAR. 

It  will  undeniably  be  advantageous,  in  studying  certain  phases 
of  the  problem  of  egg  production,  to  endeavor  to  use  a  time  unit 
which  conforms  to  the  natural  periodicity  displayed  by  hens.  In 
recent  years  it  has  been  the  custom  in  the  discussion  of  egg  produc- 
tion to  make  the  unit  one  year.  This  custom  has  been  followed  in 
the  work  of  the  Maine  station,  in  the  egg-laying  competitions  in 
South  Australia,  which  have  excited  Avorid-wide  interest,  and  by 
many  other  institutions  and  experimenters.  It  is  safe  to  say,  how- 
ever, that  all  students  of  the  subject  of  egg  production  have  felt  that 
the  year  was  not  in  all  respects  an  ideal  unit  for  such  studies.  A 
serious  objection  to  it  is  immediately  apparent  if  one  makes  a  close 
study  of  individual  egg  records.  The  total  number  of  eggs  laid  by 
a  bird  in  a  year  gives  in  reality  an  inadequate  and  incomplete  idea 
of  her  egg-producing  ability.  Birds  which  make  the  same  yearly 
total  records  are  by  no  means  always  equivalent  as  egg  producers. 

The  plan  followed  at  the  present  time  *  in  the  investigations 
in  progress  at  the  Maine  station  breaks  the  laying  year  up  into  four 
parts.  The  first  of  these  includes  the  months  of  November,  Decem- 
ber, January,  and  February.  Broadly  speaking,  this  is  the  period 
of  winter  laying  and  is  so  designated.  The  second  period  includes 
the  months  of  March,  April,  and  May.  This,  broadly  speaking, 
obviously  corresponds  to  the  breeding  season.  The  third  period 
includes  the  months  of  June,  July,  and  August,  and  is  called  the 
summer  period.  Finally,  the  fourth  period  includes  the  months  of 
September  and  October,  and  is  the  period  in  which  molting  and  its 
associated  drop  in  egg  production  commonly  occur.  In  future  dis- 
cussions of  egg  production  by  the  present  writers  it  is  proposed, 
wherever  necessary  or  desirable,  to  consider  separately  the  egg  pro- 
duction in  each  of  these  periods.  By  this  method  it  will  be  possible 
to  compare,  for  example,  the  production  in  the  winter-laying  period 
of  different  lots  of  birds,  or  their  ability  to  lay  during  the  breeding 
season,  and  so  on. 

oSee,  for  example,  Maine  Agricultural  Experiment  Station  Bulletin  166. 
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The  justification  for  the  coDclusion  that  this  division  of  the  ymm 
is  in  general  a  natural  one  and  corresponds  to  a  real  cyclical  periodicii^ 
in  egg  production  is  in  considerable  measure  to  be  found  in  the  f aeie 
regarding  mean  monthly  egg  production  and  variation  in  this  char- 
acter set  forth  in  this  and  the  preceding  section  of  the  paper.  The 
winter-laying  period  is  a  period  characterized  by  rapid  increase  in 
mean  production  associated  with  a  relatively  equally  rapid  decrease 
in  variability,  both  absolute  and  relative.  In  this  period  a  large 
part  of  the  flock  falls  in  the  A  component  of  the  monthly  distribu- 
tions (see  p.  142).  This  laying  period  is,  strictly  speaking,  not  a  part 
of  the  natural  or  normal  reproductive  cycle  of  the  hen.  Egg  lajing 
in  this  part  of  the  year  is  something  which  during  domestication 
has  been  added  on,  as  it  were,  to  theTiatural  reproductive  activity 
of  the  wild  GaUus,  It  is  a  result  of  ''forcing"  or  special  stimulation. 
From  the  evolution  standpoint,  egg  production  in  these  months  is  a 
comparatively  recent  acquisition.  Such  being  the  case,  the  greater 
variability  observed  in  winter  laying  is  only  what  would  be  expected. 

The  Umits  of  this  artificial  winter  cycle  of  egg  production  are  fairly 
well  defined.  It  begins  with  the  beginning  of  the  laying  year.  Its 
other  limit  is  marked  by  the  slacking  up  in  egg  production  which 
occurs  in  February  (see  fig.  1).  This  slacking  up  in  February,  which 
appears  to  be  a  characteristic  of  egg  production  generally,  is  to  be 
explained,  we  believe,  chiefly  if  not  entirely  as  the  result  of  the  ending 
of  the  winter  cycle  by  the  majority  of  birds  w^hich  have  laid  during  the 
early  winter.  Such  birds  rest  for  a  period  at  about  this  time  before 
beginning  the  spruig  laying  cycle.  Of  course  it  must  be  understood 
that  the^e  statements  are  made  only  with  reference  to  what  might 
be  called  the  general  or  average  course  of  events.  Particular  birds 
may  form  exceptions  in  their  laying.  Many  birds,  of  course,  have 
no  proper  winter  cycle  of  laying  at  all.  They  begin  to  lay  for  the 
first  time  in  January  or  February,  and  keep  on  laying  without  any 
large  break  straiglit  through  the  spring  cycle. 

The  next  period  (March,  April,  and  May)  Ls  the  natural  laying 
season.  It  corresponds  to  the  e.ij:g-laying  part  of  the  natural  repro- 
ductive cycle  exhibited  by  the  wild  (rallus.  This  being  the  case,  we 
should  expect  the  egg  production  in  the  domesticated  birds  also  to 
be  at  a  maximum  at  this  time.  They  ought  further  to  show  a 
minimum  degree  of  variation  in  egg  production  at  this  time,  because 
nearly  every  indiviikial  which  is  physiologically  capable  of  ovulation 
is  laying,  or  has  laid  very  recently,  and  is  broody.  Naturally,  there- 
fore, a  high  mean  and  a  low  variability  in  production  are  exactly  what 
we  find  characterizing  the  laying  in  each  of  the  months  in  this  period. 

The  third  period  (June,  July,  and  August)  is  characterized  by  a 
gradually  falling  mean  ])ro(luction  and  a  variability  gradually  increas- 
ing, but  still  much  lower  than  that  for  the  winter  period.     This  is 
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the  period  in  which  rearing  of  the  chickens  naturally  occurs,  and  it 
also  represents  an  extension  of  the  breeding  season.  It  is  a  period 
in  which  laying  naturally  (i.  e.,  without  the  forcing  or  stimulation  of 
domestication)  occurs  in  some  degree.  We  are  informed "  by  Mr. 
J.  IL  Burkill,  of  the  Indian  Museum  in  Calcutta,  that  in  the  central 
provinces  of  India  the  breeding  season  of  GaUiis  femigineas  Gmel. 
is*said  to  last  until  Noveml>er,  beginning  in  the  spring.  Similarly 
ffie  bree<ling  season  of  GaUus  sonneratii  TemmincL  in  the  central 
provinces  lasts  from  March  to  November. 

The  fourth  period  (September  and  October)  is  not  easily  separated 
from  the  third  in  respect  to  laying,  but  in  general  it  is  the  period 
of  molting,  or,  if  the  process  has  not  actually  begun,  of  preparation 
for  molting.  It  is  characterized  by  reduced  laying  and  markedly 
increased  variability.  The  variability  in  egg  production  in  this 
period  is  not  so  great,  however,  as  in  the  winter  laying  period,  which 
falls  entirely  outside  the  natural  reproductive  cycle. 

GHANQES  IN  MONTHLY  EOG  P&ODITCTION    DUE   TO   SELECTIVE 

BBEEDINQ. 

As  has  been  stated  earlier  in  the  paper  (p.  84),  it  is  a  matter  of 
prixne  importance  to  examine  the  constants  of  monthly  egg  production 
with  reference  to  their  bearing  on  the  problem  of  selection.  It  is 
the  purpose  of  this  section  to  discuss  this  matter.  Specifically  the 
attempt  will  be  made  to  determine  whether  during  the  period  in  which 
selection  for  egg  production  was  practiced**  there  was  any  definite 
steady  trend  of  (a)  the  mean  monthly  production,  or  (b)  the  absolute 
variability,  or  (c)  the  relative  variability  in  monthly  production 
either  upward  or  downward,  each  single  month  being  considered 
separately. 

The  most  direct  and  simple  way  to  approach  this  problem  is,  with- 
out any  doubt,  to  plat  the  values  of  each  constant  (mean,  standard 
deviation,  or  coefficient  of  variation)  for  each  month  of  the  years 
covered  by  the  statistics  as  given  in  Tables  1,  3,  and  4,  using  weighted 
mean  values  for  the  last  three  years,  1904-1907.  To  obtain  a  just 
idea  of  tlie  general  trend  of  the  zigzag  lines  so  obtained  it  wiU  be 
necessary  to  fit  to  each  of  them  a  line  by  some  adequate  method  of 
curve  fitting.  Then  by  inspection  of  the  fitted  line,  keeping  in  mind 
the  values  of  the  probable  errors  of  the  constants  under  discussion, 
it  will  be  possible  to  conclude  wliether  there  has  been  any  steady, 
definite  change  in  that  constant  as  selective  breeding  has  proceeded. 
This  is  the  method  which  will  be  followed.  All  the  lines  to  be  given 
were  fitted  by  the  method  of  least  squares. 

«Iii  lift. 

ft  For  a  detailed  account  of  the  method  of  selective  breeding  followed,  see  Part  I,  p.  12. 
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EFFECT   ON    AVERAGE   MONTHLY   PRODUCTION. 

We  may  first  examine  the  mean  production  for  each  month  with 
reference  to  whether  it  increased  or  decreased  with  continued  selec- 
tion for  higher  annual  production.  The  fundamental  data  on  this 
point  are  given  in  Table  1. 

In  figures  7  and  8  are  given  the  data  of  Table  1  in  diagrammatic 
form.  Figure  7  includes  the  observed  means  and  best  fitting  straight 
lines  for  the  e^g  production  of  the  months  of  November  to  April, 
inclusive.  In  the  same  way  figure  8  shows  the  observed  means  and 
their  fitted  straight  lines  for  the  montlis  of  the  second  half  of  the 
laying  year,  May  to  October,  inclusive.  In  all  cases  the  weighted 
mean  figures  are  used  for  the  last  tliree  years,  1904-1907. 

The  e(iuations  to  the  straiglit  lines  in  figures  7  and  8  are  as  follows, 
y  denoting  mean  monthly  production  and  x  number  of  years  since  the 
laying  year  1898-99: 


November y=  4.  68-fO.  026z 

December y=  9.  72-  .  375x 

January y=15.  72-1.  072x 

February f/=12.  33-  .242a; 

March 2/=15. 19-f-  .  172j! 

April j/=17.  86-  .  313x 


May y=16. 69  -0.  5442; 

June y=15.34  -  .  412j: 

July y=13.  997-  .  465j; 

August y— 13.  05  -  .  479a: 

September t/=ll.  11  —  .449x 

Ottobor y=  5.  37  -  . Ollx 


From  these  diagrams  (figs.  7,  8)  the  following  points  are  to  be 
noted: 

1.  With  the  exception  of  the  months  of  November  and  March, 
there  is  clearly  observable  in  eacli  month  a  downward  tendency  or 
trend  of  the  line  of  mean  monthly  egg  production.  In  other  words, 
the  mean  egg  production  in  ten  months  out  of  the  twelve  shows 
exactly  the  same  phenomenon  as  does  the  total  annual  production 
during  the  period  of  continued  selection  (see  Pt.  I,  pp.  38-43). 
The  amount  or  degree  of  tliis  downward  trend  differs  in  different 
months,  being  statistically  insignificant  in  some  months  and  quite 
certainly  significant  in  others.  January  shows  the  greatest  decrease 
in  mean  production.  October  exhibits  the  smallest  decrease  of  any 
of  the  months  showing  any  decline  whatever.  The  line  for  this 
month  is  sensibly  horizontal. 

2.  Of  the  two  months  which  form  apparent  exceptions  to  the  rule 
that  the  mean  monthly  production  decreased  during  the  period  of 
investigation,  neither  can  justly  be  regarded  as  affording  a  real  excep- 
tion. The  line  for  November  Ls  certainly  horizontal  within  the 
limits  of  the  probable  errors  involved.  There  was  neither  a  decrease 
nor  an  increase  in  the  mean  production  in  this  month  during  the 
years  studied.  In  the  case  of  March  the  line  slopes  upward  a  little 
more  definitely  tluin  does  that  for  November,  but  still  it  can  hardly 
be  considered  as  deviating  significantly  from  horizontaUty  when  the 
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Fig.  7.— Diagram  showing  the  course  of  the  observ-ed  mean  egsj  production  in  each  of  tiie  months  of  Novem- 
ber to  April,  inclusive,  1899-X907. 
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FO}.  8.— Diagram  showing  the  course  of  the  observed  mean  egg  production  in  each  of  the  months  of  May  to 

October,  inclusive,  1899-1907. 
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probable  errors  of  the  several  means  are  taken  into  account.  That 
there  should  have  been  an  insignificant  change  in  the  mean  March 
production  is  exactly  what  would  be  expected  when  it  is  remembered 
that  this  is  the  natural  season  of  heaviest  laying.  In  this  period 
the  egg  production  is  very  Uttle  affected  either  by  breedictg  or  by  envi- 
ronmental influences. 

3.  In  Part  I  of  this  study  (pp.  40,  41),  in  discussing  the  general 
trend  of  average  annual  egg  production  under  the  influence  of  selec- 
tive breeding,  modifications  or  corrections  of  tlie  observed  means 
were  made  to  allow  for  the  influence  of  unavoidable  accidents  which 
were  held  to  have  affected  adversely  the  egg  production  in  particular 
months  of  certain  years.  Regarding  these  modifications  the  follow- 
ing general  statement  was  made  Goc.  cit.,  p.  38) : 

We  may  next  proceed  to  modify  the  constants,  for  the  influence  of  accidents  and  the 
like,  from  the  actual  values  they  show.  In  every  case  we  can  be  sure  of  the  general 
direction  in  which  such  modification  should  be  applied.  As  to  what  its  exact  amount 
in  each  case  should  be  there  are,  of  course,  no  criteria.  But  if  we  make  the  modifica- 
tions relatively  large,  we  shall  establish  what  may  be  regarded  as  a  series  of  upper 
limiting  values  for  the  constants.  We  may  then  fairly  conclude  that  had  all  the  con- 
ditions remained  normal  throughout  the  period  covered  by  the  data  the  values  exhib- 
ited by  the  constants  would  have  fallen  somewhere  between  the  limits  set  by  the 
actual  and  modified  values.  While  such  a  method  can  not  give  us  precise  values,  it 
is  capable  of  showing  what  the  general  trend  of  the  data  is. 

It  is  apparent  that  the  significance  of  this  reasoning  ultimately 
rests  on  the  question  of  whether  the  modifications  made  are  suflSciently 
large  to  establish  what  are  in  reahty  upper  limiting  values.  In 
Part  I  the  attempt  was  made  to  show  that  the  modifications  used 
were  sufficiently  large  and  that  if  they  were  in  error  at  all  it  was  in 
being  too  large.  It  was,  however,  impossible  to  demonstrate  that 
this  was  the  case  without  the  detailed  monthly  data  in  hand.  These 
data  we  now  have,  and  they  are  shown  graphically  in  figures  7  and  8. 

It  is  neither  necessary  nor  desirable  to  take  the  space  to  show  in 
detail  that  each  of  the  modifications  used  was  sufficiently  large,  for 
if  anyone  interested  will,  for  himself,  add  to  the  averages  for  the  indi- 
vidual months  as  shown  in  figures  7  and  8  the  modifications  given  in 
Table  5  of  Part  I,  platting  the  resulting  points  on  the  diagrams  of 
figures  7  and  8,  he  will  see  at  once  that  the  modifying  factors  used 
were  very  much  larger  than  strict  fairness  demanded.  This  may  be 
shown  specifically  by  taking  up  in  detail  a  single  example.  In  the 
year  1905-6,  50  per  cent  of  the  recorded  April  production  (16.48  eggs) 
and  of  the  recorded  May  production  (11.42  eggs)  in  the  50-bird  pens 
was  added  to  allow  for  an  accident  (see  Pt.  I,  p.  41).  This  results 
in  a  modified  April  mean  of  24.72  and  a  May  mean  of  17.13.  Now 
Table  1  and  figures  7  and  8  show  that  the  highest  April  mean  produc- 
tion ever  reached  in  the  eight  years'  trap  nesting  was  only  18.60  eggs 
(1901-2)  and  the  highest  May  mean  was  17.02  (1902-3).  In  other 
W681*'— Bull.  110,  pt  2—11 3 
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words,  the  modified  April  mean  is  some  6  eggs  higher  than  the  highest 
April  mean  ever  observed  for  the  station's  flocks,  while  the  modified 
May  mean  was  equal  to  the  highest  May  mean  observed.  There  can 
be  no  doubt  that  the  modifications  used  were  in  every  case  sufficiently 
large. 

EFFECT   ON    ABSOLUTE    VARIATION    AS    MEASURED   BY   THE    STANDARD 

DEVIATION. 

We  may  turn  next  to  the  examination  of  the  changes  in  absolute 
variabiUty  in  egg  production  as  measured  by  the  standard  deviation 
which  occurred  in  the  period  covered  by  the  statistics.  It  has  been 
shown  in  Part  I  (p.  45)  that  neither  the  absolute  nor  the  relative 
variability  in  total  annual  egg  production  sensibly  decreased  with 
continued  selection.  We  have  now  to  determine  whether  the  varia- 
bility in  ^g  production  in  any  months  of  the  year  showed  the  effect 
of  selection  by  becoming  less  as  the  selective  breeding  was  continued. 
We  will  first  discuss  absolute  variabiUty  as  measured  by  the  stand- 
ard deviation,  and  later  relative  variability  as  measured  by  the  coef- 
ficient of  variation.  The  fundamental  data  for  the  treatment  of 
absolute  variabiUty  are  given  in  Table  3,  which  records  the  standard 
deviation  for  each  month.  These  data  are  platted  in  figures  9  and 
10  and  the  observed  values  are  fitted  by  the  method  of  least  squares 
with  straight  fines  just  as  was  done  in  the  case  of  mean  egg  pro- 
duction. M  before,  weighted  mean  values  were  used  for  the  yeais 
1904  to  1907. 

Th6  equations  to  the  straight  lines  in  these  figures  are  as  foUows,  y 
denoting  standard  deviation  and  x  number  of  years  since  the  laying 
year,  1898-99: 


November ^=6.58-0. 020  x 

December y =8. 46  —  .  139  x 

January y=6:884-  .086a: 

February y=«6.41-f  .019a; 

March y=5.  67+  .042x 

April y=5.48+  .015x 


May y =5. 86+0. 016  x 

June y=5.88+  .017x 

July y=5.85+  .066x 

August y«7. 03-  .  112  x 

September y=7. 39—  .  112  x 

October y=6. 40-  .  010  x 


From  these  diagrams  (figs.  9, 10)  the  following  points  are  to  be  noted : 
1.  There  is  less  regularity  in  the  trend  of  the  variability  curves  than 
was  observed  in  the  case  of  tlie  curves  for  the  means.  While  in  the 
majority  of  cases  the  standard  deviation  increases  more  or  less  during 
the  course  of  the  experiment,  there  are  five  cases  in  which  it  decreases 
by  a  greater  or  less  amount.  It  should  be  said,  however,  that  in 
nearly  all  of  these  cases  the  change,  whether  up  or  down,  is  very 
small  in  amount.  The  lines  for  the  standard  deviation  run  in  all  cases 
not  far  from  the  horizontal.  The  fair  conclusion  would  seem  to  be 
that,  during  the  period  covered  by  the  statistics  when  selective 
breeding  for  total  annual  egg  production  was  practiced,  it  had  prac- 
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Fio.  9.~Diagnun  showing  the  trend  of  the  observed  absolute  variability  In  monthly  egg  productior 
-  meBBured  by  the  standard  deviation  in  each,  of  the  mouths  of  November  to  April,  Inclusive,  1899~19U 
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Fio.  10— Diagram  showing  the  trend  of  the  olwerveO  absolute  variability  In  monthly  egg  prodootiao  i 
ineiMored  by  the  standard  deviatton  In  each  of  the  months  of  May  t«  October,  IncluatTC,  18(^1907. 
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tically  no  effect  either  to  decrease  or  to  increase  the  absolute  variability 
of  the  egg  production  of  any  of  the  single  months. 

2.  The  months  showing  the  greatest  decrease  in  the  standard 
deviation  are  December  and  August.  In  both  of  these  cases  the 
decrease  during  the  eight  years  is  possibly  significant  statistically. 
Of  the  months  showing  an  increase  in  the  standard  deviation  the  most 
marked  are  January  and  July.  Comparison  with  figure  7  shows  that 
January  was  the  month  in  which  the  mean  egg  production  showed  the 
most  pronoimced  drop  during  the  period  covered.  We  have  here 
again  an  illustration  of  the  rule  brought  out  earlier  in  the  paper  that 
as  mean  egg  production  decreases  the  variability  in  this  character 
tends  to  increase. 

EFFECT  ON   RELATIVE   VARIABILITY. 

It  has  been  seen  throughout  this  study  that  the  relative  variability 
as  given  by  the  coeflicient  of  variation  is  the  more  significant  measure 
by  which  to  arrive  at  a  true  conception  of  the  actual  existing  degree 
of  variability  in  egg  production.  Accordingly  it  is  the  more  impor- 
tant to  examine  the  trend  of  this  constant  with  reference  to  the  effect 
of  selection.  In  making  such  an  examination  the  same  methods  will 
be  followed  as  in  the  case  of  the  means  and  the  standard  deviations. 
The  fundamental  data  are  given  in  Table  4.  These  data^  are  shown 
graphically  in  figures  11  and  12. 

The  equations  to  the  straight  lines  in  these  figures  are  as  follows, 
y  denoting  the  coefficient  of  variation  and  x  the  number  of  years 
since  the  laying  year  1898-99: 

November y=143. 09+0. 260  x  May y»  34. 31+1. 833  x 

December y=  92. 18+2. 899  x  June y^  38. 76+1. 523  x 

January y=  39. 03+8. 958  x  July y=  39. 62+2. 788  x 

February y=  49. 63+2. 599  x  August y=  52. 54+1. 976  x 

March y=  37.39-  .112x  September y=  61. 08+3. 874 a; 

April y=  30.73+  .740x  October y=123.41+  .153x 

From  these  diagrams  (figs.  11,  12)  the  following  points  are  to  be 
noted: 

1.  With  a  single  exception  (March)  the  relative  variabiUty  as  meas- 
ured by  the  coefficient  of  variation  increased  during  the  period  in 
which  selective  breeding  was  practiced.  The  zigzag  hnes  show  that 
this  increase  was  fairly  steady  and  regular  in  nearly  all  cases,  though 
it  was  very  much  more  pronounced  in  some  months  than  in  others. 
In  particular  the  variability  of  the  January  production  increased  very 
noticeably.  This  result  indicates  that  the  egg  production  of  the 
single  months  follows  the  same  rule  as  was  shown  to  hold  for  the  total 
annual  production.  So  far  as  there  was  any  change  whatever  in 
variabihty  in  monthly  egg  production  during  the  period  when  select- 
ive breeding  was  practiced  this  change  was  not  in  the  direction  of 
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Fw.  11.— Diagram  showing  the  course  of  the  observed  relative  variablUty  In  egg  production  as  measnrrf  bJ 
the  coefficient  of  variation  in  each  of  the  months  of  November  to  April,  Indudve,  1889-1907. 
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Pia.  12.— Diagram  showing  the  course  of  the  obeervod  relative  variability  In  egg  production  as  measured 
by  the  coeflicleat  of  variation  in  each  of  the  months  of  May  to  October,  inclusive,  189^1907. 
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a  reduction,  but,  on  the  contrary,  there  was  an  actual  increase  in 
variability. 

2.  In  the  single  month  which  forms  the  exception  to  the  rule  just 
stated,  namely,  March,  the  trend  of  the  Une  of  relative  variability-  does 
not  deviate  sensibly  from  the  horizontal.  The  explanation  for  this 
result  is  probably  the  same  as  that  which  was  given  for  the  behavior 
for  the  March  mean  production  (see  p.  102).  In  the  months  of  March 
and  April,  which  are  the  natural  breeding  season,  laying  is  at  its 
maximum  and  variability  in  production  is  at  its  minimum,  and  neither 
the  mean  production  nor  the  variability  in  production  is  easily  affected 
by  selective  breeding  or  by  environmental  influences.  The  egg  pro- 
duction in* these  months  is  a  fundamental  and  basic  part  of  the  repro- 
ductive cycle  in  the  domestic  fowl. 

Putting  all  the  results  of  this  section  together,  it  is  seen  that  they 
are  essentially  the  same  as  those  which  were  reached  in  Part  I  from 
the  study  of  total  annual  egg  production.  It  might  perhaps  have 
been  expected  on  a  priori  grounds  that  mass  selection  for  increased 
annual  production  would  at  least  have  had  a  beneficial  effect  on  winter 
egg  production  in  the  flocks.  This,  however,  clearly  was  not  the  case. 
The  general  result  was  that  the  mean  production  for  each  month  of 
the  laying  year  either  remained  sensibly  unchanged  or  showed  a  tend- 
ency to  decrease  during  the  period  included  in  this  experiment  in 
selective  breeding.  At  the  same  time  the  variabihty  in  monthly  egg 
production,  whether  absolute  or  relative,  either  did  not  change  at  all 
or  increased  by  a  greater  or  less  amount  during  the  period  through 
which  the  selection  was  practiced.  In  other  words,  it  is  seen  that 
finer  analysis  of  the  total  annual  egg  production  returns  does  not  tend 
in  any  way  to  change  the  conclusions  drawn  from  the  study  of  those 
returns,  but,  on  the  contrary,  tends  greatly  to  strengthen  those  con- 
clusions. There  can  be  no  doubt  whatever  that  in  this  experiment 
mass  selection  for  increased  egg  production  failed  to  attain  its  desired 
end. 

mFLXJXNCS  OF  CERTAIN  HGUSINa  CONDITIONS  ON  MONTHLT  BOG 

PBODUCTION. 

In  Pail  I  of  this  study  (p.  58)  there  is  described  an  experiment 
which  was  begun  in  the  laying  year  1904-5  and  has  been  continued 
since  that  time  to  determine  the  influence  on  egg  production  of  size 
of  flock  and  amount  of  floor  space  per  bird.  Inasmuch  as  the  general 
plan  of  this  experiment  has  been  fully  described  in  the  place  cited,  it 
will  be  umiecessary  to  repeat  these  details  here.  It  need  only  be  said 
that  the  birds  were  kept  in  flocks  of  50,  100,  and  150  each.  The 
number  of  square  feet  of  floor  space  per  bird  (4.8  square  feet)  was  the 
same  in  the  case  of  the  50-bird  pens  and  the  100-bird  pens,  but  in  the 
150-bird  pens  the  floor  space  per  bird  (3.2  square  feet)  was  abou^  IJ 
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square  feet  less.  From  this  arrangement  of  the  flocks  it  is  clear  that 
data  are  furnished  on  two  questions,  namely,  first,  as  to  the  effect  on 
egg  production  of  the  number  of  birds  kept  together  when  floor  space 
remains  the  same,  and,  second,  as  to  the  influence  on  egg  production 
of  the  amount  of  floor  space  in  itself. 

In  Part  I  the  annual  egg  production  of  the  flocks  kept  under  these 
conditions  during  the  years  1904-1907  was  discussed.  It  was  there 
shown  that — 

When  the  laying  hens  were  kept  in  flocks  of  100  birds  each,  the  average  annual  pro- 
duction per  bird  was  distinctly  and  significantly  lower  than  when  they  were  kept  in 
flocks  of  50  birds  each,  though  the  number  of  square  feet  of  floor  space  per  bird  was  the 
same  in  the  two  cas^s  and  aU  other  environmental  conditions  were  made  as  nearly  as 
possible  identical.  Laying  birds  kept  in  flocks  of  150  birds  each  and  with  somewhat 
less  floor  space  per  bird  than  those  kept  in  flocks  of  50  and  100  birds  each  have  in  every 
case  an  average  annual  egg  production  significantly  smaller  than  that  of  the  birds  kept 
in  small  flocks. 

In  discussing  these  results  it  was  pointed  out  that  caution  must  be 
shown  in  drawing  practical  conclusions  from  them,  since  they  were 
based  on  annual  returns  only.  In  this  section  we  shall  deal  with  the 
effect  of  these  housing  conditions  on  monthly  egg  production.  We 
may  consider  first  the  mean  or  average  monthly  production  for  each 
month  in  the  period  from  November,  1904,  to  January,  1908. 

INFLUENCE  OF   HOUSING  CONDITIONS  ON   AYEBAOE  MONTHLY 

PRODUCTION. 

The  data  for  discussing  the  influence  of  housing  conditions  on 
mean  production  are  given  in  Table  6.  This  table  gives  the  results 
of  a  comparison  of  50-bird  with  100-bird  pens,  of  50-bird  with  150- 
bird  pens,  and  of  100-bird  with  1 50-bird  pens.  The  fundamental 
figures  on  which  this  table  is  based  are  the  mean  monthly  productions 
and  their  probable  errors  given  in  Table  1  (pp.  86, 87) .  The  best  way  in 
which  to  make  a  comparison  between  these  different  pens  in  the  dif- 
ferent years  appears  to  be  to  find  the  differences  between  the  mean 
monthly  production  of  the  flocks  kept  in  the  different  sized  pens  for 
each  month.  In  order  that  these  differences  may  be  expressed  always 
in  a  uniform  manner,  the  table  is  arranged  in  such  a  way  as  to  show  in 
its  three  columns,  first,  the  amount  by  which  the  mean  production  of 
flocks  kept  in  50-bird  pens  exceeds  that  of  flocks  kept  in  100-bird  pens 
for  each  month  of  the  laying  year;  second,  the  amount  by  which  the 
mean  production  of  flocks  kept  in  50-bird  pens  exceeds  that  of  flocks 
kept  in  1 50-bird  pens;  and,  finally,  the  amount  by  which  the  mean 
production  of  flocks  kept  in  100-bird  pens  exceeds  that  of  flocks  kept 
in  150-bird  pens.  Under  this  arrangement,  when  the  first  desig- 
nated flock  of  a  pair  is  in  excess  the  sign  of  the  difference  is  plus,  and 
when  the  second  designated  flock  of  a  pair  is  in  excess  the  sign  is 
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minus.  To  take  an  example:  It  appears  from  the  second  line  of 
Table  6  that  in  December,  1904,  the  birds  kept  in  150-bird  pens  had 
a  mean  production  3.54  eggs  higher  than  the  mean  production  of  the 
birds  kept  in  50-bird  pens  in  the  same  month  and  year.  The  probable 
errors  of  the  diflFerences  in  Table  6  are  calculated  in  the  usual  way. 

It  will  be  noted  that  data  for  only  eight  months  of  the  laying 
year  1907-8  are  given.  The  reason  for  this  is  that  owing  to  the  neces- 
sity for  a  thorough  overhauling  of  the  poultry  plant  in  the  summer  of 
1908,  trap-nest  records  had  to  be  stopped  on  July  1  of  that  year,  and 
no  returns  for  that  year  were  made  after  that  date. 

Table  6. — Differences  in  mean  monthly  egg  production  between  flocks  of  different  sizes. 


bctween- 


Year  and  month. 


10O4-6— November . 
December. 
January . . . 
February . 
Ifarch 

June 

July 

August 

September 
October... 
1906-0— November , 
December. 
January . . . 
February . 
March 

^:::::: 

June 

July 

August 

September 

October . . . 
1906-7— Noveraber , 

December. 

January . . . 

February. 

March 

April 

May 

June 

July 

August 

September 
1907-8— November , 

December. 

January . . . 

February . , 

March 

AnrU 

May 

June 


-1. 
-6. 
-1 

+2. 
+5. 


+1. 
+  . 

+  '. 
+  1. 
+  . 
+  1. 

+  . 
+2. 
+2. 
+  1. 

-l! 
+  1. 
+5. 
+3. 
+  . 


+  . 
+  . 
-3. 

+  . 
+  . 
+  . 
-4. 
+2. 
+2. 
+  2. 
+4. 


81±.58 
04±.60 
06±.61 
20±.50 
75±.48 
17±.48 
57±.49 
76±.53 
,n±.56 
,13±.56 
,20±.63 
67±.57 
,91±.47 
,05±.64 
56±.54 
07±.44 
96i:.39 
40±.35 
68±.40 
71±.38 
d5±.41 
32±.39 
31±.47 
14±.45 
04i:.39 
46±.51 
38±.47 
31±.44 
67±.43 
71±.40 
80±.43 
98±.42 
79±.44 
03±.43 
47±.40 
55±.27 
99±.74 
32  ±.74 
08±.G9 
21±.73 
25  ±.70 
88±.72 
34±.63 


-1.00±.45 
-3.54±.55 

-  .e9±.56 
+4.37±.47 
+5.96±.47 
+2.35±.43 
+1.83i:.49 
+2.37±.49 
+1-06±.61 
+2.52±.47 
+3.33±.61 
+1.57±.47 
+2.62i:.41 

+  .26±.eo 

+1.39±.51 
+2.82±.40 
+1.27±.33 
+1.28±.30 
+  .75±.36 
+1.82±,33 
+1.40±.37 
+2.68±.37 
+2.94±.43 
+  1.51±.41 
-1.03±.38 
-3.14±.46 
+1.03±.43 
+3.67±.43 
+3.07±.4O 
+1.91  ±.37 
+1.50±.39 
+  .51±.40 
+2.24±.40 
+2.43±.37 

-  .15±.33 
+  .70±.61 
+2.34±.63 
+2.36±.65 
-3.88±.60 
+1.80i:.62 
+  .46±.66 
+2.51±.63 
+2.0B±.57 


100  and  150 
bird  pens. 


+0.81±.68 
+1.50±.ee 
+  .»±.68 
+2.17±.S8 
+  .21±.» 
+2.62±.55 
+2.40±.58 
+3.12±.62 
+  l-83±.67 
+2.65±.e2 
•f3.13±.d9 

—  .10±.(30 
+1.71±.39 
+  .31±.58 
+  .83±.51 
+1.75±.43 
+  .31±.35 

—  .12±.33 
+  .07±.37 
+1.11±.38 
+  .75±.40 

.36±.37 
.63±.43 
.37±.39 
.99±.41 
-1.68±.5D 

—  .35±.43 
— 1.64±.41 

—  .60±.40 
+1.20±.37 
+2.30±.38 
+2.49±.40 
+1.45±,42 
+2.40±.41 
+3.32±.39 
+  .15±.49 
+  1.35±.6D 
+2.04±.69 
+  .20±.66 

—  .41±.68 
-1.79±.67 

—  .37±.65 
-1.66±.59 


+ 
+ 
+ 


The  first  thing  which  is  apparent  from  an  examination  of  this  table 
is  that  while  one  certain  size  of  flock  and  pen  may  always  show  a  greater 
mean  annual  production  than  the  others,  this  superiority  is  not  uni- 
formly present  in  each  month  of  the  laying  year.  On  the  contrary, 
it  is  clearly  evident  from  the  table  that  sometimes  one  size  of  flock 
is  in  excess  in  a  particular  month,  sometimes  another.     This,  together 
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with  the  fact  that  a  large  amount  of  material  is  included  in  the  tahle, 
make  it  as  it  stands  rather  confusing  and  difficult  to  draw  any  conclu- 
sions from.  In  order  to  get  at  the  essential  facts  regarding  the  influ- 
ence of  housing  conditions  on  mean  monthly  egg  production,  it  is 
desirable  to  get  the  data  in  diagrammatic  form.  This  has  been  done 
with  the  results  shown  in  figures  13,  14,  and  16.  These  figures  show 
for  each  month  of  the  laying  year  the  average  excess  of  the  first  desig- 
nated flock  of  the  pair  over  the  second  in  mean  egg  production.  The 
averages  are  taken  for  the  four  years  covered  in  the  case  of  the  months 
of  the  laying  year  before  July  and  for  three  years  in  the  months  after 
July.  In  calculating  these  averages  the  signs  of  the  separate  entries 
are,  of  course,  observed.  In  platting  the  figures,  there  has  been 
placed  on  either  side  of  the  zero  line  what  may  be  called  a  probable 
error  line.  This  line  is  at  a  distance  from  the  zero  line  equal  to  the 
mean  of  the  probable  errors  contained  in  the  column  on  which  the 
diagram  is  based.  October  is  not  included  in  these  diagrams,  because 
we  have  data  on  this  month  for  but  two  years. 

From  these  diagrams  and  the  data  on  which  they  are  based,  the 
following  points  are  to  be  noted : 

1.  The  flocks  kept  in  50-bird  pens  do  not,  in  general,  show  an 
excess  in  mean  production,  over  those  kept  in  lOO-bird  and  150-bird 
pens  in  the  first  three  winter  months — November,  December,  and 
January.  In  those  months  the  birds  in  the  lOO-bird  or  in  the  160- 
bird  pens  show  average  productions  either  higher  or  at  least  sensibly 
equal  to  those  of  the  flocks  in  the  60-bird  pens.  In  other  words,  the 
figures  obtained  from  the  four  years'  experiment  seem  to  indicate 
clearly  that  winter  egg  production  is  not  adversely  affected  by  keep)- 
ing  the  birds  in  large  flocks,  and  even  by  crowding  them  so  that  each 
bird  has  only  a  little  over  3  square  feet  of  floor  space. 

2.  The  greatest  excess  in  mean  production  of  flocks  kept  in  60-bird 
pens  over  those  kept  in  either  100  or  150  bird  pens  is  in  the  month 
of  March.  In  this  month  the  smaller  flocks  are  very  markedly  supe- 
rior to  the  larger  ones  in  egg  production. 

3.  Aside  from  the  maximum  excess  in  March  of  the  smaller  flocks 
over  the  larger,  there  is  a  secondary  and  smaller  excess  to  be  observed 
in  the  month  of  August.  In  this  month  the  60-bird  pens  show  a 
decided  superiority  over  the  larger  flocks.  This  would  appear  to 
indicate  that,  as  would  be  expected,  overcrowding  shows  its  bad 
effect  chiefly  in  the  extremely  hot  weather  of  midsummer. 

4.  In  aU  the  months  after  and  including  February  the  excess  of 
the  60-bird  pens  over  the  150-bird  pens  in  mean  production  is  very 
marked.  In  the  months  after  March  this  is  probably  to  be  explained 
as  a  result  of  the  depressing  effect  of  increasingly  warmer  weather 
on  birds  kept  in  large  and  crowded  flocks.  The  reason  for  the  excess 
in  the  months  of  February  and  March  is  not  apparent. 
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5.  Up  until  May  there  is  no  significant  difference  in  mean  monthly 
egg  production  between  flocks  kept  in  100  and  150  bird  pens.  The 
line  fluctuates  up  and  down,  but  does  not  extend  significantly  above 
the  probable  error  lines.  After  this  month  (that  is,  from  May  to 
September,  inclusive)  the  100-bird  pens  show  marked  and  increasing 
superiority  in  mean  monthly  egg  production  over  the  150-bird  pens. 
In  this  we  again  see  the  bad  effect  on  e^  production  of  crowding 
in  hot  weather. 


! .L ,, ^rrrr..*^ — .^.   .^  — 

\  T  V 

\  / 


V 


-/ 


AfOV.   DEC.  JAN.  FEB.  MAR.  Am.  MAY  JWE  JULY  AUG.  SEPT. 

Fio.  13.— Diagram  showing  the  average  excess  In  mean  egg  production  of  flocks  kept  In  60-blrd  jwds  over 
flocks  kept  in  l()0-bird  pens  for  the  ftrst  eleven  months  of  the  laying  year,  November  to  September. 

6.  Summarizing,  we  may  say  that,  so  far  as  winter  egg  production 
is  concerned,  the  present  statistics  show  no  bad  effects  of  keeping 
birds  in  large  and  crowded  flocks  (up  to  the  limits  included  in  the 
present  study).  On  the  other  hand,  overcrowding  tends  distinctly 
to  lower  summer  egg  production.  It  is  chiefly  as  a  result  of  this 
effect  upon  summer  production  that  the  mean  annual  production  is 
lower  in  the  large  flocks,  as  shown  in  Part  I,  pages  58-61. 
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Fio.  l4.~Diagram  showing  the  average  exoess  In  mean  egg  prodactlon  of  flocks  kept  in  50-bird  pens  over 
flocks  kept  in  UO-bIrd  pens  for  the  first  eleven  months  of  the  laying  year,  November  to  September. 
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Fio.  15.— Diagram  showing  the  average  exoess  In  mean  egg  production  of  flocks  kept  in  KXVbtrd  pens  over 
Pocks  kept  in  150*bird  pens  for  the  first  eleven  months  of  the  lading  year,  November  to  September, 
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INFLXTEKCE    OP    FLOCK    SIZE    ON    VARIABILITY    IN    EGG    PRODUCTIOS. 

We  may  turn  next  to  the  subject  of  the  effect  of  flock  size  upon 
variability  in  egg  production  in  the  several  months  of  the  year.  In 
connection  with  this  question  it  will  be  necessary  to  discuss  only 
the  coefficients  of  variation  for  reasons  already  set  forth  (p.  94,  and 
Pt.  I,  p.  44).  The  coefficient  of  variation  gives  us  a  measure  of  the 
relative  or  percentage  variability.  Such  data  may  be  used  for  pur- 
poses of  comparison. 

As  in  the  case  of  the  mean  monthly  production  (p.  113),  the  most 
satisfactory  way  of  dealing  with  the  data  is  to  put  them  in  the  fonn 
of  a  difference  table  for  the  coefficients  of  variation.  This  is  done 
in  Table  7,  which  is  constructed  in  exactly  the  same  way  as  was 
Table  6.  The  first  column  gives  the  difference  in  variability  between 
60  and  100  bird  pens,  the  second  column  between  50  and  150  bird 
pens,  and  the  last  column  between  100  and  150  bird  pens.  A  differ- 
ence is  noted  as  plus  when  the  first  flock  size  of  a  designated  pair 
is  the  more  variable  and  as  minus  when  the  second  flock  size  is  the 
more  variable. 


Table  7. — Differences  in  relative  variability  in  egg  production,  hettoeen  flocks  o/differaU 
tizesy  08  measured  by  the  coefficient  of  variation. 


Year  and  month. 


1904-6— November 

December., 

January..;. 

February 

March 

April 

May 

June 

July 

August 

September 

October 

1906-6— November 

December 

January 

February 

March 

Anrll 

May 

Jime 

July 

August 

September 

October 

1906-7— November , 

December 

January 

February. 

March 

April 

Mky 

June 

July 

August , 

September 

1907-8— Novenit)€r 

December .• 

January 

February 

March 

April 

May 

June 


Difference  between- 


50  and  100  bird 
pens. 

+40.35±15.54 
+05.58±  9.53 
+18.86±  6.73 

-  5.94  ±  3.76 
-16.21±  3.09 
+  .34±  2.49 
+  9.59i:  2.86 
+  2.87±  3.45 

-  1.09±  4.60 

-  .63±  4.96 

-  3.24±  6.04 
-20.16i:14.76 
-11.66±11.00 
+  2.85i:  9.86 

-  3.71±  3.57 

-  9.70±  2.63 

-  5.00±  1.69 

-  6.21±  1.71 

-  7.43±  3.10 
-10.56±  2.43 
-13.22±  3.71 
-19.70±  5.03 
-22.31±  6.08 
~19.32±12.59 
-28.19±22.27 
+15.80±14.73 
-33.49±14.99 
~  4.89±  8.49 
-10.26±  2.25 

-  .91±  1.86 
+  3.90J:  2.37 

-  +  8.f>5±  3.06 

-  ().40±  3.30 
-10. 1()±  3.56 
+26.G5±  7.48 
-51.47±56.41 
-23. 64  ±29. 39 
-16.30i:14.45 
+48.0y±14.79 
-ri.Goi  3.89 

-  7.93±  3.92 
-ll.fi7±  4.08 
-19.9S-fc  4.77 


50  and  150  bird 
pens. 


+  32.71±15.50 
+  46.55±10.01 
+  10.22±  5.65 

-  20.29±  5.52 

-  27.17±  3.29 

-  9.88±  2.67 

-  10.87±  3.64 

-  21.24±  4.42 

-  19.44±  5.31 

-  19.06±  6.69 

-  24.83±  7.08 
~    8.49±  9.90 

-  40.37±12.26 

-  4.04i:  9.65 

-  13.90±  3.62 

-  19.36±  2.70 

-  .59±  3.84 

-  4.02±  1.47 

-  6.68±  2.74 

-  12.40±  2.21 

-  17.50±  3.47 

-  29.14±  4.93 

-  29.70±  5.77 

-  26.82i:11.79 

-  6.10±17.46 
+  41.93±12.50 

-  25.41±12.31 

-  38.65±  5.79 

-  10.97±  2.00 

-  5.57±  1.82 

-  2.84db  2.36 

-  6.37±  3.30 

-  16.19db  3.34 

-  21.17±  3.64 

-  12.89±  9.11 
-112.80±65.85 

-  58.49±32.12 

-  52. 31  ±17. 28 
+  61.29±14.24 

-  4.]8±  3.03 
+    2.15±  3.07 

-  6.19±  3.32 

-  11.76±  3.60 


100  and  150  hi-: 
pens. 


—  7. 64  ±15..-: 

— I9.a3±  :*- 

—  a64a:  f^y^ 

— 26.23±  4  : 
— ia96±  4.> 
— 10-22±  3  3 
— 20.46±  :i--l 
—24.113:  4^ 
-18.35±  t  > 

-18.53±  cri 
— 21.59  ±  8  J:^ 

+ii.66±i»v:.^ 

— 2S-n±U':-i 

—  6w89±  t\?i 

— 10-19 ±  xr. 

—  9,66±  ?.-e 
■¥  4-41±  1.:: 
+  2.193:  1^* 
+     .  75±  3  > 

—  1.84  ±  ■:•- 

—  4.2S±  4  •■'■ 

—  9.44±  0  V 

—  7.39  ±  ^.^■''• 

—  7-5()±!v«. 

+22.09±2:.:^ 
-»-a6.133rl'    ■ 

+  ao8±i.>" 

+  16.343:   J^ 

—  .71±2- 

—  4.71±  1.^' 

—  e.74±  ■:--' 

— 1S.02±  J   ' 

—  ©,79±  I'i 
— 11.01  ±  5  ' 
-39.&4±  S  « 

—34. 85  3::---* 
— 36.01±l-  ' 
+  3. 20±  7  N 
+   8-473:  - 

+  10.a8±  v-^ 
+  5.483:  4  ' 
-h  a22±  4  si 
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Just  as  in  the  case  of  the  means,  the  mass  of  data  presented  in  the 
table  is  so  great  as  to  be  confusing.  It  is  difficult  to  draw  any  con- 
clusions from  the  detailed  constants.  As  an  aid  in  the  interpretation 
of  the  table  we  may  again  resort  to  the  use  of  graphical  methods. 
Figures  16,  17,  and  18  are  diagrams  showing  the  average  excess  in 
relative  variability  as  measured  by  the  coefficient  of  variation  of, 
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NW.  OEC.JAN.  /EB.  AfMT.APR.  fWf  JW£JULY  AU6.  SEPT 

Fia.  16.— Diagram  showing  the  average  excess  in  relative  variability,  as  measared  by  the  ooeffldent  of 
variation,  of  flocks  of  50  birds  over  floclws  of  100  birds  for  the  first  eleven  months  of  the  laying  year,  Novem- 
ber to  September. 

respectively,  50-bird  pens  over  100-bird  pens,  50-bird  pens  over  160- 
bird  pens,  and  100-bird  pens  over  1 50-bird  pens.  These  diagrams  are 
constructed  on  exactly  the  same  plan  as  figures  13,  14,  and  15.  If 
in  the  description  of  the  plan  of  those  diagrams  on  page  115  the  words 
"coefficient  of  variation"  be  substituted  for  "mean"  whenever  it 
occurs,  that  account  will  describe  the  diagrams  here,  and  need  not 
be  repeated. 
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From  these  diagrams  and  the  data  on  which  they  are  based  we  note 
the  following  points: 

1.  The  excess  in  relative  variability  of  egg  production  of  the  larger 
flocks  (100  and  150  birds)  over  the  smaller  (50  and  100  birds)  is  on  the 
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Fio.  17.— Diagram  showing  the  average  excess  in  relative  variability,  as  measured  by  the  coefficient  of  tsh' 
tlon,  of  flocks  of  50  birds  over  flocks  of  150  birds  for  the  first  eleven  months  of  the  laying  year,  Novffiit"^ 
to  September. 

whole  fairly  evenly  distributed  over  the  whole  year.  In  only  one  casf 
(December,  50  and  100  bird  pens)  do  we  find  any  considerable  ^ 
excess,  denoting  for  that  montli  a  greater  variability  of  the  smalki 
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flock.  In  this  case,  further,  the  average  result  very  largely  depends 
upon  the  very  great  difference  observed  in  the  single  year  1904-6, 
which  in  turn  results  from  the  very  high  relative  and  absolute  varia- 
bility shown  by  the  50-bird  flocks  in  their  December  production  of 
that  year. 

2.  In  the  period  comprised  within  the  months  February  to  July, 
inclusive,  there  is  no  significant  difference  in  relative  variability 
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FiQ.  18.— Diagram  showing  the  average  excess  in  relative  variability,  as  measured  by  the  coefficient  of 
variation,  *of  flocks  of  100  birds  over  flocks  of  150  birds,  for  the  first  eleven  months  of  the  laying  year, 
November  to  September. 

between  any  of  the  flocks.  In  other  words,  it  appears  that  during 
that  period  of  the  year  in  which  there  is  the  heaviest  production  such 
environmental  differences  as  are  unpUed  in  the  different  flock  sizes 
in  this  experiment  do  not  appreciably  affect  the  relative  variability 
of  production. 

3.  The  greatest  effect  of  flock-size   and  floor-space  factors  on 
relative  variability  of  production  is  to  be  seen  in  the  months  of 
56681°— Bull.  110,  pt  2—11 4 
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November  and  September — at  the  begiiming  and  the  end  of  the 
laying  year. 

In  the  discussion  of  the  influence  of  floor  space  and  flock  size  on 
mean  annual  production  in  Part  I  (p.  63)  it  was  pointed  out  that 
caution  must  be  exercised  in  drawing  practical  conclusions  from  the 
annual  data.  The  reason  for  such  caution  is  apparent  from  the  facts 
set  forth  in  the  present  section.  It  has  been  shown  that  while  it  is 
true  that  the  average  annual  production  of  large  and  relativelj 
crowded  flocks  is  not  so  great  as  that  of  smaller  flocks  with  or  without 
more  floor  space  per  bird,  yet  the  difference  is,  for  practical  purposes, 
almost  entirely  in  the  economically  unimportant  summer  egg  produc- 
tion. Wintereggproductionis,speakinggenerally,inno  wise  adversely 
affected  by  keeping  the  birds  in  100  and  150  bird  flocks  and  allowing 
as  Uttle  as  3.2  square  feet  of  floor  space  per  bird.  The  most  probable 
reason  for  such  a  result  as  this  would  appear  to  lie  in  temperature 
relations.  The  large,  crowded  flocks  presumably  get  a  greater  benefit 
from  their  animal  heat  in  the  cold  winter  months,  particularly  at 
night  on  the  roosts.  This  means  a  smaller  strain  on  the  metabolic 
mechanism  solely  for  the  purpose  of  maintaining  body  temperature. 
In  the  hot  summer  months  the  same  factors  operate  in  the  opposite 
way.  That  hens  suffer  greatly  in  very  hot  weather  everyone  who  has 
observed  them  knows.  That  a  crowded  condition,  particularly  on 
the  roosts,  is  likely  to  increase  the  discomfort  from  heat  seems  veiy 
probable. 

All  of  these  considerations  have  led  the  writers  to  the  tentative 
opinion  that  the  number  of  cubic  feet  of  space  in  a  house  is  a  much 
more  important  and  significant  factor  in  the  poultry-housing 
problem  than  is  the  number  of  square  feet  of  floor  space.  And 
particularly  the  number  of  cubic  feet  per  bird  in  the  so-called  "roost- 
ing closet"  of  houses  of  the  curtain-front  type  would  seem  to  be  a 
significant  factor,  the  possible  influence  of  which  on  egg  production 
and  the  general  well-being  of  birds  ought  to  be  subjected  to  more 
thorough  and  careful  experimental  study  than  has  ever  been  given  to 
it  so  far  as  the  writers  are  aware.  It  seems  possible  that  along  this 
line  may  be  found  the  explanation  of  the  good  results  obtained  bv 
Robinson^  with  his  "low  type"  of  house.  Theoretically  it  would 
seem  probable  that  there  is  some  general  relation — ^not  absolutely 
fixed,  but  varying  within  narrow  limits — between  square  feet  of  floor 
space  per  bird,  cubic  feet  of  house  space  per  bird,  and  the  well-being 
and  productiveness  of  hens.  The  practical  problem  is  to  find  out 
what  this  relation  is. 


a  Robinson,  J.  H.    The  Height  of  the  Poultry  House.    Farm  Poultry.     Vol.  XIX, 
p.  342,  1908. 
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THB   FBBQUBNCY   DISTRIBUTION    OF    VABIATION    IN   MONTHLY 

EGG  PRODUCTION. 

In  Part  I  (pp.  30-38)  of  this  study  the  frequency  distributions  for 
variation  in  annual  production  were  discussed  analytically,  and  it 
was  shown  that  in  general  variation  in  egg  production  followed  the 
same  laws  as  hold  for  fluctuating  variation  in  other  characters.  But 
these  annual  production  curves  present  only  the  gross  facts  of  varia- 
tion in  egg  production.  They  present  rather  than  solve  a  problem. 
It  is  necessary  to  analyze  these  annual  curves  into  their  components 
in  order  to  arrive  at  an  idea  of  the  factors  involved  in  their  genesis. 
That  is  to  say,  while  we  know  that  all  such  curves  showing  the  dis- 
tribution of  fluctuating  variations  ari3e  through  the  operation  of  an 
indefinite  number  of  small  "chance"  or  "statistical"  causes,  there 
is  involved  in  every  frequency  curve  a  specific  and  particular  biolog- 
ical problem.  The  problem  is  this:  What  are  the  immediate  biolog- 
ical factors  which  result  in  the  genesis  of  the  particular  form  of  fre- 
quency curve  shown  by  the  given  material  rather  than  some  other 
form  ?  It  was  shown  in  Part  I  of  this  study  that  the  curves  for  varia- 
tion in  annual  production  had  certain  definite  characters  peculiar  to 
themselves.  Thus  there  appeared  to  be  a  general  tendency  for  such 
curves  to  have  an  unduly  high  frequency  at  the  low-production  end 
of  the  curve.  Their  skewness  was  always  in  the  same  direction. 
Now,  how  does  it  come  about  (i.  e.,  what  are  the  proximate  causes) 
that  these  egg-production  curves  show  these  particular  character- 
istics rather  than  some  others?  This  is  the  problem  presented  by 
gross  frequency  curves.  The  first  step  toward  answering  it  must  be 
made  by  further  analyzing  these  curves.  Final  analysis  in  terms  of 
individuals  must  always  be  the  goal  aimed  at. 

It  is  evident  that  a  study  of  the  distribution  of  variation  in  monthly 
egg  production  may  well  serve  as  a  beginning  of  the  analysis  of  annual 
egg-production  curves.  It  will  be  understood,  of  course,  that  this 
is  in  no  sense  an  analysis  in  terms  of  individual  variants,  but  rather  in 
terms  of  a  smaller  time  unit.  It  seems  wise  to  begin  this  study  of  the 
monthly  distributions  of  variation  in  egg  production  with  a  general 
graphical  appreciation  of  their  characteristics.  Following  this  the 
detailed  mathematical  treatment  will  be  undertaken.  For  the  graph- 
ical treatment  all  available  datrf  have  been  used.  The  monthly  fre- 
quency distributions  so  formed  are  given  in  Table  8.  The  absolute 
frequencies  in  this  table  are  the  totals  of  the  fundamental  Tables  I  to 
XII  of  Appendix  II.  From  these  absolute  frequencies  the  percentage 
frequencies  used  in  the  diagrams  were  calculated.  The  maimer  in 
which  the  table  is  to  be  read  may  be  illustrated  with  an  example: 
The  first  entry  in  the  table  means  that  of  the  2,153  hens  for  which  we 
have  November  production  records  1,189,  or  55.22  per  cent,  laid  no 
in  that  month. 
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Table  8. — Absolute  and  percentage  frequency  dUtrihutions  for  the  egg  production  in  «uA 
month  of  the  laying  year,  hated  on  the  records  of  the  years  1899-1900  to  1906-7  j  inclusive. 


November. 

December. 

January. 

Febcuary. 

EggBlakL 

Abtolute  iPiBroentage  Absolute  Percentage 
fkequency.  frequency,  fiequeocy.  frequency. 

Absolute  'percentage 
frequency.,  frequency. 

Absolute 
frequency. 

Percentage 
fxequency. 

0 

1,180 
137 
47 
37 
26 
36 
37 
32 
32 
41 

55.22  1             906            37.68 
6.36"             123              .'Lll 

654 
107 
71 
65 
50 
48 
64 
49 
55 
60 
70 
52 
62 
72 
72 
85 
80 
91 
94 
97 

27.17 
4.45 
2.95 
2.70 
2.45 
1.99 
2.66 
2.04 
2.29 
2.49 
2.91 
2.16 
2.58 
2.99 
2.99 
3.53 
3.70 
3.78 
3.91 
A.  (a 

322 
86 
68 
65 
68 
84 
69 
90 
78 
66 
93 
73 
94 
75 
116 
123 
158 
135 
162 
126 
119 
72 
41 
14 
8 
1 
1 

13.38 

1 

3  51 

2 

2.18 
1.72 
1.21 
1.67 
1.72 
1.40 
1.49 
1.90 

67             2.78 

51  2.12 
63              2.62 

57  2.37 

49  2.04 

53  2.20 
56              2.45 

58  2.41 
67              2. 78 

52  2.16 

54  2.24 

55  2.29 

50  2.45 
4.S  ,              1.87 

2  83 

3 

2  70 

4 

2  83 

6 

3!49 

6 

2.87 

7 

3  74 

8 

3.24 

9 

2.74 

10 

39  !           1.81 
49              2.28 
36              1.67 
61              2.83 
47              2. 18 
77  ;           3.58 

3  86 

11 

3.03 

12 

3  91 

13 

3  12 

14 

4.82 

15 

5  11 

16 

36               1.67                  72  '            2.99 

6l56 

17 

43              2.00 
39              1.81 
41              1.00 
23              1.07 
24,'           1.11 
13  '             .60 
5               .23 
6,             .28 

60              2.49 
87              3.61 
80             3.32 
71              2.95 
56             2.33 
56              2.33 
49              2.04 
35              1.45 
15               .62 
4               .17 
3                .12 
1                .04 

5.61 

18 

6.73 

19 

5  23 

20 

94  !           3.91 
108              4.49 
90             3.74 
49              2.04 
29  1           1.20 
13  !             .54 
5  !             .21 
3               .12 

4.94 

21 

2  99 

22 

1.70 

23 

58 

24 

.33 

25 

04 

26 

1 

.04 

27 

' 

2B 

1 

' 

29 

1 

1 

30 

'                                r                                1 

31 

.•    .     .                                    ..1                   '     *"■ 

Total  . . 

2,153           100.00            2,407           100.03 

2,407  1        100.02 

2,407  !            99.99 

ICarcb. 

AprU. 

May. 

1               June. 

Eggs  laid. 

Absolute   Percentage 
frequency,  frequency. 

Absolute 
frequency. 

Percentage 
frequency. 

Absolute 
frequency. 

Percentage 
frequency. 

Absolute 
frequency. 

Percentage 
frequency. 

0 

1 

68             2.83 
24              1.00 
13               .54 

55 

29 

16 

19 

18 

23 

25 

33 

28 

58 

76 

79 

119 

125 

150" 

KiS 

162 

186 

185 

171 

184 

164 

124 

95 

(i.3 

29 

2.29 
1.20 
.66 
.79 
.75 
.96 
1.04 
1.37 
1.16 
2.41 
3.16 
3.28 
4.94 
5.19 
6.  23 
6.1)8 
6.73 
7.73 
7.69 
7.10 
7.64 
6.81 
5.15 
3. 95 
2.62 
1.20 

118 
50 
33 
23 
42 
47 
55 
58 
100 
91 
126 
170 
149 
158 
156 
150 
121 
130 
111 
108 
102 

/8 
60 
33 
25 
11 
5 
2 
1 
0 
1 

4.90 
2.08 
1.37 
.96 
1.74 
1.95 
2.29 
2.41 
4.15 
3.78 
5.23 
7.06 
6.19 
6.56 
6.48 
6.23 
5.03 
5.40 
4.61 
4.49 
4.24 
3.86 
3.24 
2.49 
1.37 
1.04 
.46 
.21 
.08 
.04 

193 
44 
30 
27 
34 
31 
45 
54 
100 
106 
129 
172 
181 
151 
161 
145 
151 
116 
97 
97 
107 
90 
GO 
44 
16 
11 
8 
2 
3 

&02 
1.83 

2 

1.25 

3            .  .  . 

19 
26 
29 
25 
44 
64 
69 
63 
94 

.79 
1.08 
1.20 
1.04 

i.a3 

2.66 
2.87 
2.62 
3.91 

1.12 

4 

1.41 

5         .... 

1.29 

6 

1.87 

7  .           

2.24 

8 

4.15 

9 

4.49 

10 

5.36 

11 

7.15 

12 

109  ,            4.53 
98              4. 07 
101               4.20 
103  '            4.28 
132               5. 48 
150               6.23 
143               5. 94 
178              7. 40 
171  ;            7.10 
158  1            6.56 

7.52 

13      

6.27 

14 

6.60 

15          

6.02 

16 

a  27 

17           

4.82 

18 

4.03 

19           

4.03 

20 

4.45 

21       

3.74 

22 

178 
147 
111 
51 
22 
8 

7.40 
6.11 
4.61 
2.24 
.91 

.3:^ 

2.49 

23  

1.83 

24 

.66 

25 

.46 

26 

15                 .  02 
5                 .21 
3                 .12 

.33 

27  

.06 

28 

5  ,              .21 
1                 .04 

.12 

29 

30 

0 
0 

1 

31 

1 

.04 

Total . . 

2,407  j         100.01 

2,407             99.98 

2,407 

99.98 

2.407 

90.99 
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Table  8. — Absolute  and  percentage  frequency  distribuHontfor  the  egg  production  in  each 
month  of  laying  year,  based  on  records  of  years  1899-1900  to  1906-7  y  incliLsive — Cont'd. 


July. 

August. 

September. 

October. 

Eggs  laid. 

Absolate 
frequency. 

PePoentage 
frequency. 

Absolute 
frequency. 

Peroentage 
frequency. 

Absolute 
frequency. 

Percentage 
frequency. 

Absolute 
frequency. 

Peroentage 
frequency. 

0 

297 

48 

35 

27 

42 

55 

65 

86 

110 

125 

167 

168 

164 

167 

144 

119 

109 

95 

81 

79 

60 

59 

36 

35 

20 

11 

6 

4 

1 

0 

0 

2 

12.34 
1.99 
1.45 
1.12 
1.74 
2.29 
2.70 
3.57 
4.57 
5.19 
6.52 
6.98 
6.81 
6.94 
5.98 
4.94 
4.53 
3.95 
3.36 
3.28 
2.49 
2.45 
1.50 
1.45 
.83 
.46 
.25 
.17 
.04 

345 

109 

53 

55 

53 

68 

77 

82 

103 

105 

151 

169 

151 

142 

130 

123 

94 

84 

75 

67 

53 

40 

21 

35 

11 

7 

3 

0 

1 

14.33 
4.53 
2.20 
2.29 
2.20 
2.83 
3.20 
3.41 
4.28 
4.36 
6.27 
7.02 
6.27 
5.90 
5.40 
6.11 
3.91 
3.49 
3.12 
2.78 
2.20 
1.66 
.87 
1.45 
.46 
.29 
.12 

554 

147 
86 
64 
69 
89 
91 
95 

100 
89 
93 

100 
99 

105 

86 

79 

71 

92 

61 

67 

51 

65 

34 

17 

6 

4 

3 

23.02 
6.11 
3.67 
2.66 
2.87 
3.70 
3.78 
3.95 
4.15 
3.70 
3.86 
4.15 
4.11 
4.36 
3.57 
3.28 
2.96 
3.82 
2.53 
2.78 
2.12 
2.29 
1.41 
.71 
.25 
.17 
.12 

773 
114 
63 
38 
41 
44 
38 
41 
46 
66 
40 
61 
55 
52 
54 
57 
66 
43 
38 

44.07 

1 

6.60 

2 

2.96 

3 

2  17 

4 

2.34 

5 

2.51 

6 

2.17 

7  ..  .     . 

2  34 

8 

2.57 

9 

3.19 

10 

2.28 

11 

3.48 

12 

3.13 

13 

2.96 

14 

3.08 

15    . 

3.24 

16 

3.19 

17  .. 

2.45 

18 

2.17 

19 

1.06 

20 

.86 

21 

.51 

22 

.17 

23                ,  . 

.22 

24 

.22 

25                .  . 

.06 

26 

27 

.06 

28 

.04 

29 

30 

31 

.08 





Total . . 

2,407 

99.97 

2,407 

99.99 

2,407 

99.99 

1,754 

99.98 

The  data  of  the  foregoing  table  are  given  graphically  in  figures 
19  to  24,  inclusive.  These  figures  are  the  graphs  of  the  percentage 
distributions,  the  percentage  rather  than  the  absolute  figures  being 
used  in  order  to  make  all  the  diagrams  directly  comparable  one  with 
another.  The  area  of  each  is  the  same.  To  economize  space  the 
distributions  for  two  successive  months  are  put  together  in  the  same 
diagram.  In  all  these  diagrams  the  ordinates  denote  the  percentage 
frequency  of  birds  each  laying  the  number  of  eggs  designated  by 
the  abscissa. 

The  first  point  which  is  at  once  noticed  on  examining  these  fre- 
quency polygons  is  that  we  are  clearly  not  dealing  here  with  simple 
frequency  distributions  such  as  are  usually  found  in  variation  studies 
in  which  the  variants  are  distributed  about  a  single  center  or  mode." 
The  nearest  approach  among  these  polygons  to  this  ordinary  uni- 

aThe  "mode"  of  a  frequency  curve  is  that  particular  value  of  the  varying  char- 
acter (here  "eggs  produced  per  month")  which  is  present  in  the  largest  number  of 
the  varying  individuals  making  up  the  population.  A  modal  egg  production  of  15 
eggs  for  November  would  mean  that  more  birds  produced  just  15  eggs  in  that  month 
than  produced  any  other  one  particular  number  of  eggs,  either  greater  or  less  than  15. 
For  a  further  discussion  of  the  significance  of  this  constant  see  Part  I,  page  27.  A 
curve  which  shows  a  single  "peak"  or  maximum  ordinate  is  said  to  be  unimodal; 
one  which  has  two,  to  be  bimodal,  and  one  which  has  more  than  two  to  be  multimodal. 
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modal  type  of  frequency  curve  is  found  in  the  distributions  for  March 
and  April,  and  in  particular  that  for  April.    But  even  in  this  case 
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Fig.  19.— Frequency  polygon  of  variation  In  November  and  December  egg  productioa. 


the  distribution  clearly  differs  from  the  usual  frequency  curve.    All 
of  these  polygons  are  distinctly  bimodal  in  some  degree.     Each  one 
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shows  one  distinct  mode  at  zero  egg  production.  The  fact  that  every 
single  one  of*  the  monthly  frequency  distributions  clearly  and  defi- 
nitely shows  this  bimodal  condition  indicates  that  we  are  dealing 
with  a  real  phenomenon  of  variation.  In  fact,  as  will  presently 
appear,  we  apparently  have  to  do  in  these  cases  with  a  definite 
and  hitherto  unrecognized  type  of  frequency  distribution.  Simple 
bimodal  distributions  have,  of  course,  been  known  since  the  begin- 
ning of  the  statistical  study  of  variation.  Such  distributions,  how- 
ever, have  practically  only  been  noted  hitherto  for  cases  of  dimor- 
phism, where  one  deals  with  so-called^ 'high"  and  ''low"  forms  of 
the  organism.     Such  distributions  have,  for  example,  among  animal 
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Fio.  20.— Frequency  polygon  of  variation  in  January  and  February  egg  production. 

forms,  been  described  by  Bateson*  for  Forjicula  and  for  the  rhinoceros 
beetle  (Xylotrupes  gideon),  and  by  Graber*"  for  Blissua  and  others. 

Apart  from  these  cases  of  dimorphism,  variation  leading  to  fre- 
quency distributions  of  anything  other  than  the  common  unimodal 
type  occurs  very  rarely.  Even  with  all  the  work  which  has  been  done 
in  recent  years  in  the  biometrical  study  of  fluctuating  variation  there 
have  been  extremely  few  instances  brought  to  light  which  do  not 
conform  to  the  unimodal  type  of  distribution.     Besides  dimorphism 

oBateson,  W.    Materials  for  the  Study  of  Variation.    London,  1894,  pp.  36-42. 
^Graber,  J.  F.    Dimorphism  in  Blissus  Uiwopterus.    Biological  Bulletin,  vol.  5, 
No.  6,  pp.  330-335.    1903. 
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already  noted,  practically  the  only  instances  of  multimodal  distribu- 
tions which  have  been  brought  forward  are  those  for  variation  in 
the  number  of  ray  flowers  in  certain  of  the  Composit^e.'     In  these 


EGG  /=^/90DaCr/0Af. 

Fw.  21.— Frequency  polvfoo  of  variation  in  March  and  Afiril  egg  producUoa. 

cases  there  is  some  evidence  of  a  tendency  toward  the  occurrence 
of  definite  peaks  or  modes  on  the  Fibonacci  numbers.     It  is  the  fact. 


PRODUCT/ON. 


EGG 

Fio.  22.— Frequency  polygon  of  variation  in  May  and  June  egg  production. 


however,    that   the   statLstical   significance   of   these   observational 
modes  has  never  yet  been  adequately  settled. 


6  O         /O        JK 

£6Q  J?RODUCr/OA/: 

Fig.  23.— Frequency  iwlyjjon  of  variation  in  July  and  August  egg  production. 

In  view  of  the  larity  of  types  of  frequency  distribution  differing 
from  the  common  uniniodal  one,  it  is  of  importance  to  examine  witli 

oFor  a  lint  of  the  li((.Ta(un»  on  tlii^  sii})jf'<'t  see  the  bibliography  in  Davenport's 
Statistical  Methcxln  (New  York,  1904;,  aud  the  bibliographical  lists  appearing  cur- 
rently in  Biometrika. 
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considerable  care  the  nature  of  these  montlJy  fecundity  distribu- 
tions. To  facilitate  the  discussion  of  this  matter  it  is  desirable  to 
make  some  preliminary  definition  of  terms  necessary  to  be  used  in 
the  description  of  bimodal  curves.  In  the  following  discussion  the 
terms  *^ upper  component"  and  ''lower  component"  will  be  used  to 
designate,  respectively,  the  portion  of  the  variation  polygons  (or,  in 
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Fio.  24.— Frequency  polygon  of  variation  in  September  and  October  egg  prodnction. 

other  words,  the  groups  of  variants)  centering  about  the  two  modes 
of  higher  and  lower  monthly  productivity.  These  terms  are  here 
used  only  in  a  very  general  sense  and  without  any  attempt  to  limit 
precisely  the  range  or  the  area  of  either  of  the  components.  The 
two  modes  about  which  the  components  center  will  be  known  as  the 
''upper"  (i.  e.,  of  higher  production)  and  the  ''lower"  (i.  e.,  of  lower 
production)  modes,  respectively.     In  discussing  bimodal  curves  it  is 
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very  desirable  to  have  some  simple  brief  term  to  designate  the  point 
on  the  curve  between  the  two  modes  where  the  frequency  is  at  a 
minimum.  It  is  in  this  region  that  the  two  components  of  such 
curves  overiap.  After  careful  consideration  we  have  decided  to  use 
the  term  "antimode"  to  designate  the  point  in  any  bimodal  fre- 
quency distribution  where  the  frequency  over  a  unit  base  element  is 
at  a  minimum. 

POSITION    OF   MODES   AND   ANTIMODE    IN    MONTHLY   DISTRIBUTIONS. 

Proceeding  to  the  discussion  of  the  monthly  distributions,  it  is 
to  be  noted  in  the  first  place  that  the  position  of  the  upper  mode 
changes  in  a  definite  manner  as  we  pass  from  the  beginning  to  the 
end  of  the  laying  year.  The  nature  of  this  change  as  well  as  certain 
other  significant  facts  wiU  be  brought  out  if  the  position  of  the  obser- 
vational modes  and  of  the  antimode  be  tabled.  These  data  are  given 
in  Table  9.  It  should  be  kept  in  mind  that  in  this  table  we  are  only 
dealing  with  the  highest  observed  peaks  of  the  distributions,  and  not 
with  the  true  modes,  the  positions  of  which  can  only  be  determined 
by  detailed  mathematical  treatment  of  the  data.  Observational 
peaks  only  serve  to  locate  the  position  of  true  modes  rouglily.** 
These  observed  values  will,  however,  serve  for  the  purposes  of  the 
present  discussion.  In  this  table  the  observed  mode  which  has  the 
higher  modal  ordinate  in  each  of  the  curves  is  printed  in  bold-faced 
type. 

Table  9.— T%<  position  (ahsctssa)  of  the  observational  modes  and  the  antimode  in  the/re^ 
quenqf  distributions  of  monthly  production. 

[The  mode  with  the  higher  ordinate  Ls  In  black-faced  type.] 


Month. 


Pwltlon 

Position 

of  lower 

of  upper 

observed 

observed 

mode. 

mode. 

November. 
December. 
January... 
February. . 

March 

April 

May 

June 

July 

Aujaist 

S<»pt  ember 
October... 


15 
18 
21 
18 

17 
11 
12 

11 
11 
13 
11 


Podtioa 
of  anti- 
mode. 


4 

*15 

5 

2 
2 
3 
3 
3 
«i3 
3 
3 


aCf.  Pearson,  K.  BiomoJrika.  Vol.  I,  pp.  2riO,  261.     19<»2. 

6  If  thLs  curve  wore  lo  be  snuxUhed  by  a'ly  aerurate  prtx-e^s  of  irnxdiiatlon  the  <^ntimode  would  foil  at  a 
point  considerably  txMow  the  ob>.erved  .id nails  siiiaUest  onlinate,  probably  at  about  5. 

c  In  thisdistrilmtion  there  are  twoob^-.-rvalioiial  peaks  of  equal  hei^!hl  in  the  modal  region,  one  at  !9aiic 
one  at  22.  Kaiher  than  take  either  of  these  i)oint.s  as  the  mode  it  seems  fairer  from  inspection  of  the  poly* 
gon  to  locate  the  observational  mode  halfway  between  the  two.  vi/,  at  2<).5. 

d  While  the  ordinaies  at  1  and  4  in  this  dlst ribniion  are  slii;htly  smaller  than  that  at  3,  inspection  shows 
that  in  a  fitted  curve  to  the«<e  observations  f  sjiv  If  a  parabola  were  stnii'k  through  the  ordjiiate at  3 and  the 
four  ordinates  ou  either  side  of  3)  the  iiiiuimum  ordinate  w  ould  fall  al  atx>ut  3. 
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From  this  table  it  is  apparent  that  the  upper  mode  moves  steadily 
upward  (i.  e.,  toward  a  greater  egg  production)  during  the  first 
four  months  of  the  laying  year.  It  reaches  its  actually  highest  point 
in  the  March  distribution,  although  if  we  had  available  accurately 
calculated  modes  it  is  probable  that  there  would  be  little  difference 
in  the  values  for  March  and  April.  After  attaining  this  maximum 
point  the  upper  mode  moves  again  toward  the  zero  end  of  the  curve 
in  a  rather  steady  decline.  The  lower  mode  falls  in  every  case  at 
the  zero  abscissa;  or,  in  other  words,  the  ^'fashionable"  production 
for  this  component  is  zero. 

Associated  with  this  change  in  the  ix)sition  of  the  upper  of  the  two 
modes  is  a  change  in  the  direction  of  the  skewness,  or  asymmetry, 
of  the  upper  component  of  the  distributions.  In  the  distribu- 
tions for  November  and  December  the  total  area  comprised  in  the 
upper  component  is  so  small  that  it  is  difficult  without  the  use  of 
analytical  methods  to  determine  what  the  sign  of  the  skewness 
is;  but,  beginning  with  the  January  distribution,  the  direction  of  the 
skewness  is  evident  on  inspection.  The  upper  component  in  the 
January,  February,  and  March  distributions  shows  a  definite  and 
considerable  negative  skewness.  This  component  of  the  April  dis- 
tribution is  probably  still  negatively  skew,  though  the  degree  of 
asymmetry  is  here  very  slight.  The  May  distribution  shows  a 
marked  difference.  Here  the  skewness  of  the  upper  component 
is  clearly  positive.  The  mode  of  this  component  has  now  come 
to  lie  below  (i.  e.,  to  the  left  in  the  diagram)  the  mean.  Distinct 
positive  skewness  is  further  exhibited  by  the  upper  components  of 
the  June,  July,  and  August  distributions.  It  is  probable  that  the 
September  and  October  distributions  also  have  a  positive  skewness 
of  this  component.  Here,  however,  just  as  in  the  case  of  the  Novem- 
ber and  December  polygons,  the  total  area  comprised  in  the  upper 
component  is  so  small  as  to  make  it  impossible  to  determine  this 
point  from  mere  inspection.  Altogether  we  have  here  a  very  inter- 
esting case  of  a  variation  curve  passing  gradually  and  by  successive 
stages  from  a  condition  of  distinct  negative  skewness  through  a 
symmetrical  condition  to  distinct  positive  skewness. 

RELATIVE    HEIGHT   OF   MODAL   ORDINATES. 

Another  point  to  be  considered  is  the  relative  height  of  the  modal 
ordinates  of  the  two  modes  in  the  several  distributions.  In  the 
earlier  months  of  the  year  the  ordinate  of  the  lower  mode  is  many 
times  higher  than  that  of  the  upper  .one.  The  height  of  this  lower, 
modal  ordinate  steadily  and  rapidly  decreases  month  by  month  until 
it  reaches  a  minimum  in  the  April  distribution.  In  the  months  after 
April  it  increases  again,  until  it  reaches  a  maximum  in  the  October 
distribution.     In  the  case  of  the  upper  mode  the  height  of  the  modal 
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ordinate  may  be  said,  in  general,  to  increase  as  the  value  of  the  mode 
increases;  that  is  to  say,  as  the  mode  of  the  upper  component  is 
located  at  a  higher  and  higher  production  up  to  the  maximum  in 
March  and  April  the  height  of  the  modal  ordinate  G.  e..  the  per- 
centage of  the  flock  laying  the  modal  number  of  eggs)  of  this  com- 
ponent also  becomes  greater.  The  highest  observed  modal  ordinate 
occurs  in  the  April  distribution.  After  that  point  the  height  of  the 
modal  ordinate  of  this  component  steadily  becomes  less,  until  it 
reaches  a  minimum  in  the  October  distribution.  In  no  one  of  the 
dbtributions,  however,  does  the  modal  ordinate  of  the  upper  ccmd- 
ponent  even  approximate  in  magnitude  the  values  attained  by  that 
of  the  lower  mode  at  the  ends  of  the  laying  year.  Or,  in  other 
words,  the^  percentage  of  the  flock  which  lays  the  most  common  or 
usual  number  of  eggs  in  the  natural  laying  season  is  always  very 
much  smaller  than  the  percentage  which  lays  no  eggs  at  all  in  the 
seasons  of  poor  production. 

The  effect  of  the  change  in  position  of  the  mode  of  the  upper  com- 
ponent and  of  the  changes  in  the  magnitude  of  the  two  modal  ordi- 
nates  is  well  brought  out  in  the  following  table.    The  data  show 

that— 

November  fewer  th&n  1  egg  apiece. 
December  fewer  than  2  eggs  apiece. 
January  fewer  than  7  eggs  apiece. 
February  fewer  than  10  ^ggs  apiece. 
March  fewer  than  16  eggs  apiece. 
April  fewer  than  16  eggs  apiece. 
May  fewer  than  13  eggs  apiece. 
June  fewer  than  12  eggs  apiece. 
July  fewer  than  11  eggs  apiece. 
August  fewer  than  10  eggs  apiece. 
September  fewer  than  6  eggs  apiece. 
October  fewer  than  6  ^ggs  apiece. 

In  only  three  months  of  the  year  do  one-half  of  the  birds,  according 
to  these  statistics,  lay  more  than  a  dozen  eggs  apiece  in  the  month. 

The  antimode  in  these  curves  appears  to  maintain  a  nearly  con- 
stant position  throughout  the  year.  It  is  significant  that  this  point 
of  minimum  freq[uency  is  not  at  an  eo:g  production  of  1,  but  is  defi- 
nitely and  clearly  at  a  higher  production.  This  indicates  that  we 
are  dealing  in  these  distributions  with  two  definite  component  curves, 
and  not  merely  with  a  unimodal  distribution  with  an  abnormal  fre- 
quency on  the  single  base  element  0.  The  frequency  over  the 
base  elements  1,  2,  and  probably  also  3,  in  nearly  every  month, 
clearly  belongs  in  the  main  to  the  lower  component  as  well  as  that 
over  the  base  element  0.  There  Is  a  definite  downward  slope  or 
^'tailing  off"  of  this  lower  component  before  the  upper  component 
begins.  There  is  some  indication  that  the  antimode  has  a  real  and 
definite  tendency  to  lie  at  a  higher  point  in  the  earlier  months  of  the 
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Fio.  25.— Diagram  showing  the  general  form  or  type  of  curve  to 
which  the  frequency  distributions  of  variation  in  monthly  pro- 
duction apparently  belong. 


IsLjmg  year  (November  and  December)  than  in  the  later  ones.  This 
can  not  be  accm^ately  determined,  however,  without  graduation  of 
the  raw  data. 

It  appears  to  be  the  case  that  all  of  these  monthly  distributions 
belong  to  the  same  general  type  of  frequency  curve.     This  type 
can  be  characterized  in 
the   following    way:   ^, 
The  curve  is  in  general 
S-shaped,  as  shown  in 
figure  25,  presenting 
two  distinct  points  of 
maximum  frequency  or 
modes. 

One  limb  of  the  S- 
shaped  curve  tends  to 
become  asymptotic  to 
the  y  axis.  The  curve 
appears  to  be  made  up 
of  two  distinct  compo- 
nents, one  of  which  (the 
upper)  is  of  the  usual  "curve  of  error"  type,  while  the  other  (the 
lower)  is  of  the  J-shape  taken  by  Pearson's  Type  III  and  Type  I 
curves  under  certain  conditions. 

ANALYSIS  OF  THE  MONTHLY  EOG-PBOBXTCTION  BISTBIBXTTIONS. 

The  facts  brought  out  in  the  last  section  present  a  series  of  problems 
of  much  interest.  So  far  as  we  are  aware,  S-shaped  frequency  dis- 
tributions have  not  hitherto  come  to  light  in  any  studies  of  'variation 
in  homogeneous  material.  The  question  is  immediately  raised  as  to 
what  are  the  biological  factors  which  lead  to  the  development  of 
these  curious  and  unique  distributions.  It  is  believed  that  the  results 
herein  to  be  set  forth  will  throw  considerable  light  on  this  problem. 
Since  these  results  are  reached  by  a  process  of  reasoning  which  has 
not  commonly  been  employed  in  biological  studies,  though  it  is  very 
often  used  in  the  investigation  of  physical  problems  by  a  combina- 
tion of  mathematical  and  experimental  methods,  the  greatest  pains 
will  be  taken  to  set  forth  as  clearly  and  precisely  as  possible  the  steps 
taken.  It  is  hoped  that  the  present  case  may  serve  in  some  measure 
to  indicate  to  biological  readers  the  possible  utility  of  biometric 
methods  in  a  direction  not  generally  recognized. 

At  the  outstart  two  sets  of  facts  regarding  these  monthly  fecundity 
distributions  need  to  be  recognized.     These  are: 

1.  The  material  in  which  these  bimodal,  S-shaped  distributions 
appear  is  as  homogeneous  in  respect  to  egg  production  as  is  possible 
in  mass  selected  material.     This  positive  assertion  of  biometrical 
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homogeneity  for  this  material  can  be  made  because  the  data  come 
from  controlled  conditions.  The  birds  were  ''pure  bred"  and  "line 
bred."  That  is,  no  "strange  germ  plasm"  had  been  introduced  into 
the  race  for  many  generations.  Close  selection  within  the  race  had 
been  practiced  in  respect  to  egg  production  for  a  long  period.  The 
birds  made  their  records  in  the  same  place  and  under  essentially 
the  same  conditions  within  tK^  year  as  far  as  it  was  possible  to  con- 
trol them.  In  other  words,  the  peculiarities  in  the  monthly  distribu- 
tions are  in  no  way  to  be  explained  as  the  result  of  different  methods 
of  handling  the  birds  in  different  months  of  the  year.  That  egg 
production  is  probably  inherited  in  ''pure  lines"  and  that  this  mate- 
rial includes  a  number  of  such  ''pure  lines"  need  not  concern  us  here, 
since  the  problem  now  under  discussion  is  one  of  the  physiology  of 
egg  production  and  not  at  all  one  of  its  inheritance. 

An  objection  may  be  made  to  the  fact  that  in  the  discussion  of 
these  monthly  distributions  the  records  of  eight  years  have  been 
put  together.  In  regard  to  this  it  should  be  said  that  this  has  been 
done  only  after  the  most  careful  study  of  the  detailed  single  year 
data  given  in  Appendix  II  (Tables  I-XII).  If  anyone  will  take  the 
trouble  to  study  those  detailed  data  carefully,  as  we  have  done,  he 
will  find  that  within  the  limits  of  error  of  random  sampling  the 
characteristic  distribution  for  each  month  is  faithfully  reproduced 
every  year.  The  November  distribution,  for  example,  is  of  essen- 
tially the  same  character  in  1899  and  in  1906.  The  same  is  true  of 
the  distributions  for  every  month  and  all  of  the  years.  Adding  the 
several  years  together  does  not  in  any  way  obscure  or  hide  any  facts. 
On  the  contrary,  by  providing  more  ample  statistics,  it  gives  smoother 
curves  and  enables  us  (as  the  outcome  proves)  to  reach  a  clear  under- 
standing of  the  nature  and  biological  genesis  of  these  monthly  fecun- 
dity distributions  by  a  method  of  mathematical  analysis  which 
could  not  successfully  be  carried  out  on  the  much  more  meager  data 
of  a  single  year. 

The  writers  are  well  aware  of  the  importance  of  the  statistical 
canon  which  says  that  different  sets  of  data  should  not  be  mixed. 
They  would,  however,  call  attention  to  two  facts.  In  the  first  place, 
the  essential  homogeneity  of  the  present  material  in  regard  to  the 
character  here  under  discussion,  and  so  far  as  concerns  strictly  the 
problem  of  physiology  (and  not  of  heredity)  with  which  we  are  here 
and  now  dealing,  is  in  itself  a  sufficient  justification  for  the  statistical 
procedure  followed.  In  the  second  place  devotion  to  the  letter  of  a 
scientific  canon  should  not  be  so  blind  as  to  lose  sight  of  the  main 
purpose  of  the  use  of  the  method  involved.  The  purpose  of  the 
present  investigation  is  to  learn  so  far  as  possible  from  the  available 
data  the  true  facts  regarding  the  nature  and  physiological  genesis 
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of  the  monthly  fecundity  distributions.  Thorough  study  of  all  the 
detailed  data  has  convinced  us^  as  it  will  convince  anyone  else,  we 
feel  sure,  who  will  take  the  trouble  to  carry  it  out,  that  combining 
the  distributions  for  the  several  years  greatly  helps  and  in  no  way 
hinders  us  in  arriving  at  a  correct  and  adequate  knowledge  of  the 
facts. 

2.  While  the  material  which  gives  origin  to  these  monthly  fecun- 
dity distributions  is  biometrically  homogeneous,  it  is  not  possible  to 
fit  any  one  of  them  with  a  simple  unimodal  frequency  curve.  There 
is  no  escape  from  the  conclusion  that  they  are  compound  distribu- 
tions, even  though  statistically  homogeneous,  and  must  be  dealt  with 
as  such.  This  point  is  emphasized  because  there  is  some  tendency 
in  biometric  work  to  assert  that  if  a  distribution  does  not  faU  into 
the  usual  simple  unimodal  type  the  material  is,  by  virtue  of  that  fact, 
heterogeneous.  This,  of  course,  is  not  necessarily  true.  Proof  that 
it  is  not,  if  any  be  needed,  is  afforded  by  the  curves  of  monthly  fecun- 
dity of  the  present  paper  or  by  the  well-known  curve  of  human  mor- 
taUty.  It  is  perfectly  certain,  regardless  of  the  homogeneity  of  the 
sample  or  the  population  from  which  it  is  drawn,  that  if  the  number 
of  persons  dying  at  each  year  of  duration  of  life  from  0  to  the  upper 
limit  at  90 -f  out  of,  say,  100,000  bom  at  the  same  time  be  platted, 
the  resulting  curve  will  not  be  a  simple  unimodal  one,  but,  on  the  con- 
trary, a  compound  one.  It  was  shown  a  number  of  years  ago  by  Pear- 
son** that  the  human  mortaUty  curve  is  composed  of  a  number  of  simple 
frequency  curves.  The  existence  of  such  compound  curves  in  homo- 
geneous material  should  make  one  cautious  in  the  use  of  purely  sta- 
tistical tests  of  heterogeneity.  Any  statistical  test  of  heterogeneity 
which  depends  upon  the  discovery  of  an  incipient  tendency  to  bimo- 
dality  in  the  data  would  appear  to  be  vaUd  only  in  cases  where  it  is  a 
priori  certain  that  the  material  does  not  actually  follow  a  compound 
rather  than  a  simple  unimodal  frequency  curve,  even  when  strictly 
homogeneous.  And,  on  the  other  hand,  an  assertion  of  homogeneity 
on  the  basis  of  a  statistical  test  alone,  without  previous  knowledge  of 
the  biological  facts,  may  be  equally  liable  to  be  invalid.  A  very 
excellent  example  in  this  direction,  indicating  the  entirely  fallacious 
result  to  which  a  purely  statistical  test  of  homogeneity  may  lead  in 
the  absence  of  biological  information  as  to  the  detailed  facts  under- 
lying the  statistics,  is  very  well  brought  out  in  an  example  given  by 
Johannsen  ^  from  some  bean  measurements. 

With  these  two  facts  of  (1)  the  homogeneity  of  the  material  and 
(2)  the  compound  character  of  the  distributions  clearly  in  mind,  we 
may  turn  to  the  discussion  of  their  analysis. 

a  Pearson,  K.    The  Chances  of  Death,  Vol.  I. 

&  Johannsen,  W.    Elemente  der  exakten  Erblichkeitslehre,  Jena,  1909,  p.  122. 
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At  the  outstftrt  it  is  desirable  to  outline  cleariy  the  general  method 
followed  in  this  work.  The  reasoning  developed  in  the  rest  of  this 
section  may  be  briefly  outlined  in  the  following  way: 

1.  The  statement  of  an  hypothesis  as  to  the  biological  nature  and 
genesis  of  the  S-shaped  distributions  which  in  various  forms  are  found 
to  be  characteristic  of  variation  in  fecundity  in  the  several  months  of 
the  laying  year. 

2.  The  mathematical  testing  of  this  hypothesis. 

3.  The  demonstration  of  its  substantial  accuracy  and  adequacy. 
The  method  of  procedure  here  outUned  is  made  necessary  by  the 

nature  of  the  problem.  We  have  no  a  priori  knowledge  as  to  why 
these  S-shaped  distributions  appear.  It  is  not  feasible  to  go  further 
in  the  direction  of  experimentally  producing  them  than  has  been  done 
in  .getting  the  present  statistics.  But  we  can  make  a  biological 
hypothesis  regarding  the  distributions.  Then  it  will  be  possible  to 
test  this  hypothesis  mathematically  by  determining  what  the  degree 
of  probabiUty  is  that  the  actually  observed  system  of  frequencies  in 
any  given  case  follows  that  law  of  frequency  which  flows  from  the 
biological  assumption  made.  In  other  words^  by  a  mathematical 
comparison  of  observation  and  theory  we  can  measure  the  worth  of 
the  theory.  If  the  agreement  is  very  close,  it  is  legitimate  to  con- 
clude that  the  hypothesis  chosen  is  the  correct  one. 

STATEMENT   OF  THE   HYPOTHESIS. 

Careful  consideration  of  the  various  facts  brought  out  in  the  pre- 
ceding section  led  to  the  adoption  of  the  following  hypothesis  as  a 
working  basis  for  further  treatment  of  these  curves. 

It  is  assumed — 

1.  That  variations  or  changes  in  the  rate  of  fecundity  in  the  hen 
are  fundamentally  or  innately  continuous  (in  the  mathematical  sense), 
though  the  objective  manifestation  of  fecundity  here  is  discontinu- 
ous, i.  e.,  expressed  in  discrete  units.  That  is  to  say,  the  assumption 
is  that  if  an  individual  hen's  daily  egg  record  ran  like  this:  (A)  1,  0,  0, 
0,  1,  1,  0,  0,  1,  1,  1,  0,  1,  1,  1, 1,0, 1, 1, 1, 1, 1, 1,  (B),  it  would  mean, 
first,  that  her  rate  of  fecundity  was  increasing  during  this  period  AB, 
and  second,  that  this  increase  in  rate  was  continuous  throughout  the 
period,  so  that  it  might  be  grapliically  represented  by  some  kind  of  a 
smooth  curve,  as  in  the  accompanying  diagram  (fig.  26). 

Mathematically  expressed,  the  assumption  is  that  if  y  denotes  rate 
of  fecundity,  then 

y=<f>  (x,  t, z) 

where  <f>{x,  t, 2)  is  a  continuous  function  of  the  several  varia- 
bles, such  that  any  change  in  the  independent  variables,  however 
small,  will  be  accompanied  by  a  corresponding  change  in  the  depend- 
ent variable. 
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2.  That  actual,  visible  egg  production  in  each  individual  bird  tends 
to  occur  in  definite  cycles  or  periods  of  varying  lengths,  alternating 
with  nonproductive  periods. 

3.  That  the  rate  of  fecundity  (amount  of  egg  production  per  unit 
of  time  conceived  in  the  sense  of  the  differential  calculus)  is  in  any 
bird  at  a  minimum  at  the  beginning  of  a  cycle  of  production,  increases 
to  a  maximum  at  what  may  be  termed  the  height  of  the  cycle,  and 
decreases  to  a  minimum  as  the  end  of  the  cycle  is  approached. 

4.  That  each  of  the  monthly  fecundity  distributions  is  compound 
and  made  up  of  two  parts.  It  is  assumed,  in  other  words,  that  at 
any  given  instant  of  time  in  the  laying  year  a  flock  of  laying  hens 
could  be  separated  into  two  groups  if  it  were 
possible  to  know  exactly  the  physiological 
condition  of  their  reproductive  organs.     In 

one  group  would  be  included  all  birds  which  r,o.26.-Diagn.mtomu«tratethe 
were  at  the  moment  of  examination  well  along  nature  of  the  hypothesia  made 
in  a  period  of  laying  activity  (or  cycle  of  '^'^JiZ!^*^""'"°' 
fecundity).     These   would    be   birds   whose 

rate  of  fecundity  was  at  or  above  that  in  the  region  of  B  in  figure 
27.  In  the  other  group  would  be  included  those  birds  not  laying  at 
all  (that  is,  in  a  nonproductive  condition  or  period)  and  those  that 
had  just  emerged  from  this  condition  of  zero  fecundity  and  started 
on  a  laying  cycle.  These  would  be  birds  whose  rate  of  fecundity  was 
anything  from  zero  up  to  about  A  in  figure  27. 

5.  That  (a)  the  proportion  of  the  whole  flock  which  falls  into  each 
of  these  two  classes,  and  (6)  the  particular  rate  of  fecundity  which 
marks  the  boundary  between  the  two  classes  (the  line  AB  in  fig.  27) 
are  not  constant,  but,  on  the  contrary,  change  in  a  definite  and  orderly 

^sSL^^^nti^  manner  in  the  different 

parts  of  the  laying  year. 

It  is  plain  that  on  the 

hypothesis   so    far    set 

Fig.  27.— Diagram  illustrating  cycles  of  fecundity  in  the  hypothesis    forth  a  bird^S  observed 
regarding  egg  production.  ... 

egg  production  m  any 
given  month  does  not  immediately  determine  in  which  of  the  two 
component  classes  of  the  flock  it  belongs.  Let  it  be  supposed,  for 
example,  that  a  particular  hen  lays  7  eggs  in  the  month  of  July. 
The  mere  knowledge  of  this  fact  alone  does  not  tell  us  whether  she 
laid  this  small  number  of  eggs  because  she  was  just  starting  on  a 
new  cycle  of  production,  or  on  the  other  hand  because  she  was  just 
ending  a  cycle  in  the  previous  course  of  which  her  rate  of  fecundity 
had  been  much  higher  than  7  eggs  in  a  thirty-day  period.  Yet  this 
Is  what  must  be  known  in  order  to  assign  her  to  her  proper  class. 

6.  That  the  distribution  of  frequency  within  each  of  the  two 
hypothetical  components   of   the   monthly   fecundity   distributions 

66681°— Bull.  110,  pt  2—11 5 
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follows  a  simple,  unimodal  skew  frequency  curve.  In  other  words,  it 
is  assumed  that  the  curve  describing  the  entire  monthly  fecundity 
distribution  is  in  each  case  the  sum  of  two  skew  frequency  curves. 

The  first  of  these  assumptions  needs  some  further  discussion. 
The  idea  that  egg  production  is  fundamentally  a  continuous  process 
(in  a  mathematical  sense)  may  at  first  thought  be  difficult  to  grasp 
because  the  objective  expression  of  egg  production  is  in  discrete  imits. 
But  if  the  various  biological  steps  involved  in  the  production  of  an  egg 
be  once  viewed  as  a  whole,  there  will  then  be  no  difficulty  in  realizing 
the  continuity  of  the  process.  Beginning  in  the  young  embiyo  there 
is  the  appearance  of  the  primary  germ  cells  in  the  germinal  epithelium. 
Later,  but  still  in  a  continuous  process  of  development,  the  definitive 
ovary  forms.  Then  the  primary  oocytes  begin  to  grow.  Presently 
yolk  begins  to  be  deposited  more  or  less  rapidly,  and,  finally,  at  the 
end  of  a  long  but  perfectly  continuous  process  of  development,  the 
ovum  is,  by  rupture  of  its  inclosing  follicle,  detached  from  the  ovary, 
passes  down  through  the  oviduct,  receiving  albumen,  membranes, 
and  shell,  and  is  laid  as  a  complete  egg.  But  in  the  meantime  many 
other  oocytes  are  going  through  this  same  process  of  development  and 
growth.  So  far  as  the  organism  as  a  whole  is  concerned,  egg  produc- 
tion viewed  as  a  whole  is  a  continuous  process.  The  "rate  of  egg 
production"  clearly  means  when  looked  at  in  a  broad  way,  the  rate 
at  which  all  phases  of  this  complex  biological  process  are  going  for- 
ward at  a  particular  time.  This  rate  varies  at  different  times  in  the 
Ufe  history  of  a  bird.  There  may  be  a  definite  and  positive  *'rate  of 
fecundity"  when  a  bird  is  not  laying  at  all.  Of  course,  under  such 
circumstances  this  rate  can  not  be  directly  measured,  although  it  can 
indirectly  be  estimated.  It  is  the  rate  at  which  development  of 
oocytes  preparatory  to  laying  is  taking  place. 

The  second  assumption  is  really  not  an  assumption  at  all,  but  a 
well-known  fact.  The  third  to  the  sixth  assumptions  inclusive  will 
be  tested  in  the  present  work. 

The  clue  to  the  way  in  which  to  make  this  test  is  given  in  the  last 
assumption,  which  asserts  that  the  observed  distributions  represent 
the  sum  of  two  frequency  curves.  If  this  is  in  reaUty  the  fact  it 
should  be  possible  to  grachiate  or  *'fit "  the  observed  data  satisfactorily 
^dth  two  skew  curves,  and  a  successful  outcome  of  the  trial  would  be 
practically  conclusive  evi(l(»nce  of  tlie  validity  of  the  hypothesis  made. 
If,  on  the  contrary,  trial  slioiild  show  that  it  was  impossible  to  graduate 
these  montlily  distril)utions  satisfactorily  as  the  sum  of  two  skew 
distributions,  it  would  be  necessary  to  conclude  that  the  hypothesis 
made  was  either  inadequate  or  entirely  incorrect.  It  is  plain  that  in 
the  practical  workin^r  out  of  this  matter  the  decision  as  to  which  of 
these  two  conclusions  shall  bo  drawn  will  depend  on  the  goodness  of 
fit  of  the  theoretical  skew  frequency  curves  to  the  observed  distribu- 
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tions;  that  is,  it  will  turn  on  the  mathematical  criterion  of  the  "satis- 
factory" or  "successful"  nature  of  the  graduation.  Fortimately  in 
the  case  of  frequency  curves  we  have  an  effective  criterion  of  the 
goodness  of  fit.  It  was  first  shown  by  Pearson*  that  the  probability 
P  that  a  complex  system  of  n  errors  will  occur  with  a  frequency  as 
great  or  greater  than  that  of  the  observed  system  is  given  by  the 
expression: 


fe-ia^  r-'  dx 


wherein  x  ^^  such  a  quantity  that,  if  7>v  ^nd  m\  be  respectively  the 
observed  and  theoretical  frequencies  in  each  of  the  n  frequency 
groups,  then 

S  denoting  summation  as  usual.  In  the  paper  cited  the  complex 
integrals  in  the  expression  for  P  were  evaluated,  and  the  proper 
equations  for  P  with  n  odd  or  even  were  given.  Later  Elderton*^ 
published  tables  giving  the  value  of  P  for  a  rather  wide  range  of 
values  of  ^  and  n.  Regarding  the  significance  of  this  test  of  the 
goodness  of  fit  Pearson  (he.  cit.,  p.  166)  says: 

Thus  I  think  we  can  conclude,  when  we  are  dealing  with  a  sufficiently  long  eeriee 
to  give  small  probable  errors  to  the  constants  of  the  series,  that—  • 

(t)  If  x^s  be  so  small  as  to  warrant  us  in  speaking  of  the  distribution  as  a  random 
variation  on  the  frequency  distribution  determined  from  itself,  then  we  may  also 
speak  of  it  as  a  random  sample  from  a  general  population  whose  theoretical  distribu- 
tion differs  only  by  quantities  of  the  order  of  the  probable  errors  of  the  constants, 
from  the  distribution  deduced  from  the  observed  sample. 

(u)  If  x^s  be  so  large  as  to  make  it  impossible  for  us  to  regard  the  observed  distribu- 
tion as  a  sample  from  a  general  population  following  the  law  of  distribution  deduced 
from  the  sample  itself,  it  will  be  impossible  to  consider  it  as  a  sample  from  any  general 
population  following  a  distribution  differing  only  by  quantities  of  the  order  of  the 
probable  errors  of  the  sample  distribution  constants  from  that  sample  distribution. 
In  other  words,  if  a  curve  is  a  good  fit  to  a  sample,  to  the  same  fineness  of  grouping 
it  may  be  used  to  describe  other  samples  from  the  same  general  population.  If  it  is 
a  bad  fit,  then  this  curve  can  not  serve  to  the  same  fineness  of  git)uping  to  describe 
other  samples  from  the  same  population. 

What  we  propose  to  do,  then,  is  to  determine  mathematically  the 
probability  that,  as  indicated  by  our  samples,  the  general  popula- 

«  Pearson,  K.  On  a  criterion  that  a  given  system  of  deviations  from  the  probable  in 
the  case  of  a  correlated  system  of  variables  is  such  that  it  can  be  reasonably  supposed 
to  have  arisen  from  random  sampling.     Philosophical  Magazine,  1900,  pp.  158-175. 

&Elderton,  W.  P.  Tables  for  testing  the  goodness  of  fit  of  theory  to  observation. 
Biometrika,  Vol.  I,  pp.  155-163.     1901. 
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tion  from  which  these  samples  may  be  supposed  drawn  (i.  e., 
Plymouth  Rock  jullets  in  general)  follows  the  system  of  distribu- 
tion of  fecimdity  which  on  biological  grounds  we  have  proposed  as  an 
hypothesis.  The  probability  determined  indicates  the  d^ree  of 
probability  that  the  hypothesis  is  true.  Especial  effort  is  made  to 
make  this  point  perfectly  clear  because  at  first  thought  it  might 
appear  that  the  procedure  here  used  is  of  the  same  character  as  that 
which  one  of  the  writers  has  criticized  on  a  previous  occasion.** 
The  cases  are,  however,  entirely  different.  The  point  which  was 
criticized  in  the  paper  referred  to  was  the  attempt  to  prove  an  essen- 
tially qiuilUative  hypothesis  by  the  use  of  quantitative  methods  alone. 
In  the  present  instance  we  have  made  an  hypothesis  which  has  to 
do  solely  with  quantitative  characteristics  of  the  physiological  pro- 
cess of  egg  production  (fecundity).  The  proper  and  strictly  logical 
procedure  is  to  test  the  validity  of  this  quantitative  hypothesis  by  the 
use  of  appropriate  quantitative  (mathematical)  methods, 

THE    FITTING   OF  THE    CURVES. 

Let  us  turn  now  to  the  fitting  of  the  curves.  Inasmuch  as  the 
graduation  of  a  frequency  distribution  as  the  sum  of  two  skew  curves 
has  not  hitherto  been  developed,*  it  was  necessary  to  work  out  a 
method  of  approaching  the  problem.  In  doing  this  we  have  pro- 
ceeded in  a  strictly  empirical  manner.  The  limitations  of  the  writers' 
mathematical  attainments  forbid  the  undertaking  of  a  general  ana- 
lytical discussion  of  the  problem  of  resolving  a  compound  distribu- 
tion into  two  skew  curves.  Our  experience,  however,  in  dealing 
with  these  distributions  in  an  empirical  way  has  at  a  number  of 
points  suggested  strongly  that  there  must  exist  a  general  analytical 
solution  of  the  problem.  We  would  suggest  this  problem  to  any 
tmoccupied  mathematician  as  one  of  considerable  theoretical  interest, 
and,  if  solved,  of  much  practical  importance. 

The  method  of  approach  which  has  been  followed  in  the  present 
investigation  is  as  follows: 

1.  To  take  the  area  of  the  sum  of  the  two  component  skew  curves 
to  be  equal  to  the  area  of  the  observed  distribution. 

a  Pearl,  R.  Some  re<^ent  studies  on  growth.  American  Naturalist,  Vol.  XLIII, 
pp.  302-316.     11K)9. 

6  The  treatment  of  a  skew  curve  as  the  sum  of  two  normal  curves  was  fully  worked 
out  by  Pearson  a  number  of  years  ajjo.  See  Philosophical  TransactioDS,  Vol.  185  A, 
pp.  71-110.  1894.  While  the  present  paper  was  passing  through  the  press  a  method 
of  treating  certain  bimo<lal  curves  similar  in  form  to  the  S-shaped  curves  here  dealt 
with  was  published  by  G.  I'dny  Yule,  underthe  title  "  On  the  Distribution  of  Deaths 
with  Aire  When  the  Causes  of  Death  iwi  Cumulatively,  and  Similar  Frequency  Dis- 
tribu:  f>Ms.''     Jour.  Hoy  Stat.  Soc  Vol.  73,  Part  I,  pp.  lof  reprint)  1-13,  1910. 
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2.  To  make,  by  graphical  methods,  a  series  of  assumptions  as  to 
the  range,  midpoint,  and  shape  of  each  of  the  two  component  dis- 
tributions. 

3.  To  test  the  goodness  of  these  assumptions  by  fitting  skew  curves 
to  a  given  pair  of  assiuned  components,  determining  areas,  summing 
the  two  curves  obtained,  and  then  testing  how  good  a  fit  had  been 
obtained  to  the  whole  distribution,  using  Elderton's  tables.  If  a 
given  assumption  gave  a  high  value  for  P  it  was  concluded  that  the 
component  curves  had  been  determined  adequately  enough. 

It  will  be  seen  that  this  is  a  strictly  empirical,  ''cut-and-try" 
method,  but  it  is  not  more  so  than  any  kind  of  curve  fitting  where 
the  appropriate  curve  to  use  is  not  known  a  priori.  In  ordinary 
work  it  is  often  impossible  a  priori  to  tell  whether  a  third  order  or  a 
fifth  order  parabola  or  a  logarithmic  curve  will  best  graduate  a  given 
set  of  data.  The  only  way  to  find  out  is  to  try  each  of  the  curves 
and  see  which  gives  the  best  result,  taking  all  known  facts  into  con- 
sideration. In  all  such  curve  fitting  the  only  general  principle  which 
one  has  as  a  guide  is  that  "the  proof  of  the  pudding  is  in  the  eating," 
not  forgetting,  of  course,  the  distinction  between  true  graduation 
methods  on  the  one  hand  and  interpolation  methods  of  fitting  or 
their  equivalents  on  the  other  hand. 

Since  the  amount  of  labor  involved  in  dealing  with  these  compound 
distributions  by  the  method  outlined  is  very  great,  and  since  the 
monthly  distributions  (with  two  possible  exceptions  to  be  presently 
considered)  are  of  the  same  general  type,  it  has  seemed  neither  neces- 
sary nor  advisable  to  undertake  in  detail  here  the  analysis  of  the 
distribution  for  each  month.  Instead  we  have  chosen  for  analysis 
several  months  which  give  typical  illustrations  of  the  different  forms 
which  the  S-shaped  distributions  take  in  the  course  of  the  year.  As 
has  been  previously  shown  (pp.  126-132),  the  distributions  in  the 
fall  and  winter  months  are  characterized  by  having  a  very  high 
zero  frequency  and  a  rather  flat  upper  component.  As  an  illustration 
of  the  extreme  deviation  of  the  monthly  distributions  in  this  direction 
November  has  been  chosen  for  analysis.  The  other  extreme  in  the 
shape  of  the  distributions  is  found  in  the  spring  months  where  the 
lower  component  is  very  small  and  the  high  frequencies  fall  in  the 
upper  component.  As  a  typical  illustration  of  the  spring  type  of 
distribution  April  has  been  chosen  for  analytical  treatment.  The 
sununer  laying  leads  to  distributions  which,  as  has  been  seen  already, 
are  intermediate  in  form  between  the  extremes  mentioned.  As  an 
illustration  of  this  intermediate  type  the  month  of  July  has  been 
chosen. 

These  three  months — November,  April,  and  July — fairly  represent 
the  different  forms  taken  by  the  monthly  distributions  in  the  differ- 
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ent  parts  of  the  laying  year.  Nothing  essential  to  the  present  dis- 
cussion will  be  gained  by  dealing  in  detail  with  the  distributions  for 
the  other  months. 

At  this  point  a  word  should  be  said  in  regard  to  the  methods  of 
calculation  used  in  fitting  these  curves.  The  raw  moments  were 
used  in  all  cases,  Sheppard's  corrections  not  being  applied.  The 
reason  for  this  was  the  absence  of  high  contact  at  one  end  of  the 
lower  component  in  all  cases.  Practically  all  computing  was  done 
on  a  large  Millionaire  calculating  machine^  and  all  possible  checks 
were  applied  to  insure  arithmetical  accuracy.  In  calculating  the 
areas  of  the  fitted  curve  Simpson's  quadrature  formula 


j^y7^-l\yo+^yl+yt\ 


was  used  except  for  the  end  class  in  the  case  of  the  J -shaped  lower 
component  curves.  In  these  ciirves  the  ordinate  at  the  start  of  the 
range  is  infinite,  but  the  area  over  any  base  element  is  finite.  Here 
evidently  no  quadrature  formula  is  adequate. 

An  equation  for  such  a  case  where,  as  in  the  present  examples,  the 
J -curve  is  of  Type  I,  is« — 

j;V'(&-x)'».z«=yox->6-(^-^(^+  •  •  •) 

where  x  is,  of  course,  the  distance  from  the  start  oF  the  curve  where 
the  ordinate  is  infinite  up  to  the  upper  limit  of  the  end  class  to  which 
this  ordinate  belongs.  In  using  this  formula  y^  must  be  calculated 
by  the  formula 

y^       N  _     Tir) 

ifo     -57n.+m,+i  •   r(mi  +  l)  r(mj+l) 

COMPONENTS  AND  FITTED  CURVES   POR  NOVEMBER  DISTRIBUTION. 

The  November  distribution  may  be  discussed  first,  although  it  was 
not  the  first  actually  to  be  resolved  into  two  skew  curves.  Expe- 
rience with  other  and  more  tractable  distributions  made  it  possible 
to  hit  upon  an  adequate  assumption  as  to  the  component  curves  in 
this  case  at  the  first  trial.  The  assumed  component  distributions 
and  the  fitted  curves  are  given  in  Table  10.  In  this  table  and  all 
the  discussion  which  follows  the  lower  component  (small  egg  pro- 
duction) will  be  designated  as  the  '*A  component"  and  the  upper 
flarge  production)  as  the  '*B  component.'' 

oElderton,  W.  P.    Frequency  Curves  and  Correlation.    London,  1907.     P.  104. 
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Table  10, —NoveTriber  egg  production,  showing  the  assumed  components  and  their  fitted 

curves. 


Eggs  laid  In  the  month. 

Assumed  A 
component 
distribution. 

Theoretical 

A  component 

distribution 

(areas). 

Assumed  B 
component 
distribution. 

B  oomponent 

distribution 

(areas). 

0 

1,189 

137 

47 

33 

19 

10 

6 

3 

2 

1 

1,190 

132 

65 

30 

18 

11 

6 

4 

2 

1 

I 

1 

1    "  " 

2 

1 

3 

4 
7 

26 
31 
29 
30 
40 
39 
49 
36 
61 
47 
77 
36 
43 
39 
41 
23 
24 
13 

5 

4 

11 

5 

17 

6 

24 

7 

30 

8 

36 

9 

41 

10 

45 

11    .                 

1 

48 

12 • 

1 

51 

13 

; 

62 

14 ::      ■' 

51 

15 

60 

16                  

48 

17 

44 

18                              

40 

19 

34 

20                                           ..            

28 

21 

22 

22 

l.>i 

23 

6  •                       9 

24 .' 

6  '                       3 

Total 

1,447 

1,449                       706                         705 

The  analytical  constants  of  these  distributions  are  given  in  Table 
11.  Since  the  data  were  not  grouped  in  the  calculations,  the  unit 
of  the  constants  throughout  is  one  egg. 

Table  11. — Analytical  constants  of  variation  in  November  egg  production. 


Constant. 

A  comiwnent 
curve. 

B  component 
curve. 

N 

1447 

1.0698 

4.2481 
23.4664 
14.7403   ■ 

3.8393 
20.5041 
17.6041 
-9.2128 
-6.8466 
I 
-8.7732 
19. 7364 
-0.8822 
1.9847 
+8.8855 
9.1903 
1.034  ±.013 
0.372±.018 
-8. 81850 
278.184±14.158 
10.9<i32 
10. 9179 
-0.0453 

706 

22.4391 

-4.0612 

1,132.1670 

S'!!!"!!!!l!!!*"!!'i'*"''"-"'"i'"'*'--'i"""i^---"'"^   '■'• 

0.0015 

Jpl  

0.0382 

X-.:            ... 

2.2485 

2i^3;v;;: 

-0.7615 

-1.6072 

-0.0007 

Pearson's  type 

n 

Oi 

Of 

11.6882 

m\ 

TOs •■ . . . 

1.4922 

Slcewness 

0 

d 

0 

Standard  deviation 

4.737±.08S 

Mean ,  _  . 

13.347±.120 

Mode 

13.347±.120 

C3oefflcient  of  variation 

35.  491  ±.713 

Range 

23.1704 

+  end  of  range 

24. 9352 

—  end  of  range ,                                       

1.7588 

•  In  "J-shaped"  Type  I  curves  of  this  sort  the  mode  ceases  to  have  Its  usual  pliysical  meaning  and 
becomes  simply  an  algebraical  constant  of  the  curve.    It,  of  course,  still  remains  the  point  of  origin  of  x. 
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From  the  table  the  following  points  are  to  be  noted : 

1.  Both  of  the  component  curves  prove  to  belong  to  limited  range 
types  of  Pearson's  skew  curves.  This  must  be  regarded  as  a  first 
point  in  favor  of  the  general  hypothesis  on  which  we  are  working. 
The  amount  of  egg  production  per  bird  in  a  given  time  interval  is 
a  physically  limited  quantity.  Theoretically,  then,  there  is  good 
ground  for  expecting  that  the  theoretical  curves  which  are  to  describe 
the  quantitative  features  of  this  process  should  be  limited  range 
curves.  The  estimation  of  the  range  given  by  the  curves  in  the  pres- 
ent case  is  in  excellent  accord  with  observed  fact.  The  lower  range 
end  of  the  A  component  and  hence  of  the  whole  curve  is  at  — 0.045 
egg,  or  practically  at  0  egg  production.  The  upper  range  end  of  the 
B  component  and  hence  of  the  whole  curve  is  at  24.93,  or  practically 
25  eggs.  The  highest  observed  November  production  is  24  eggs,  but 
the  frequency  is  unduly  high  on  this  class  and  undoubtedly  should 
be  distributed  over  two  or  three  higher  classes. 

2.  The  A  component  curve  is  of  Pearson's  Type  I.  It  belongs  in 
the  class  of  J -shaped  curves  where  one  of  the  m's  is  negative.  The 
B  component  Is  a  symmetrical  curve  of  Type  II,  and  has  the  ordinary 
'* cocked-hat"  shape.  The  absence  of  skewness  in  this  component 
is  noteworthy. 

3.  From  the  figures  given  it  appears  that  67  per  cent  of  the  flock 
falls  in  the  A  component  in  the  November  laying,  and  33  per  cent 
in  the  B  component.  In  other  words,  according  to  the  hypothesis 
developed  above,  it  appears  that  67  per  cent  of  the  flock  either  are 
not  laying  at  all  in  November  or  have  just  started  to  lay,  while  33 
per  cent  are  well  along  in  a  laying  cycle  in  the  course  of  the  month. 

4.  The  centroid  (mean)  of  the  A  component  falls  within  the  zero 
class  (0.372  egg).  The  centroid  of  the  B  component  is  at  13.347, 
almost  exactly  13  eggs  higher.  It  thus  appears  that  while  some  33 
per  cent  of  the  birds  are  well  on  in  a  laying  cycle  in  November,  the 
rate  of  production,  even  of  these  B  component  birds,  is  not  as  high  as 
it  becomes  later  in  the  year. 

5.  The  B  component  shows  the  greater  absolute  variabihty  (meas- 
ured by  standard  deviation).  But  in  proportion  to  the  mean  of  the 
character  varying  (coefficient  of  variation)  it  exhibits  a  much  lower 
variability  than  the  A  component.  The  coefficient  of  variation  of 
the  B  component  has  about  the  same  value  as  the  average  for  annual 
production  (see  Part  I,  p.  29). 

The  equations  to  the  curves  are: 

(jp        \-.8S22/  jp         \1.9847 

^-8.77327         V'- 19.73647 

(3.2  \  1.4922 

1-  134  2861/ 
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The  November  distribution  and  its  fitted  curves  are  shown  graphic- 
ally in  figure  28. 

We  have  now  to  consider  the  question  of  the  closeness  of  agree- 
ment between  observation  and  theory  for  the  November  egg  produc- 
tion. It  is  evident  from  figure  28  that  in  general  the  fit  of  the  com- 
bined A  and  B  component  curves  to  the  observations  is  close.  The 
general  sweep  of  the  observations  is  satisfactorily  accounted  for  by 
the  theoretical  curve.     In  applying  Pearson's  test  of  the  goodness  of 
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Fio.  2&— Histogram  and  fitted  curves  for  November  egg  production. 

fit  here,  however,  there  are  some  points  which  need  preliminary 
consideration.  In  the  first  place  it  has  to  be  recognized  that,  while 
our  sample  is  fairly  large  as  statistical  data  in  biology  go,  yet  over 
60  per  cent  of  the  total  frequency  in  this  case  faUs  in  one  class  (zero 
egg  production).  Further,  since  the  data  are  ungrouped,  it  results 
that  the  remaining  frequency  is  spread  over  a  large  number  of  classes 
(24).  This  means  that  the  frequency  on  any  class  except  0  will  be 
small,  and  hence,  with  a  character  so  highly  variable  absolutely  and 
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relatively  as  egg  production  is,  it  can  not  be  expected  that  a  sample 
of  anything  like  the  size  of  the  present  one  will  give  a  smooth  distri- 
bution. Figure  28  plainly  shows  that  there  is  a  great  deal  of  irregu- 
larity in  individual  frequencies  in  the  B  component  part  of  the  dis- 
tribution. Such  irregularity  is  only  what  is  to  be  expected  in  a 
dbtribution  of  the  shape  of  the  present  one,  when  the  sample  is  no 
larger  than  this  is.  As  a  result  of  this  irregularity  due  to  the  small- 
ness  of  the  sample  in  relation  to  the  number  of  classes  showing  a 
frequency,  the  value  of  t^  may  be  made  very  large  as  the  effect  of 
one  or  two  irregular  classes,  even  though  the  theoretical  curve  rep- 
resents very  precisely  the  general  sweep  of  the  observations.  In 
view  of  these  facts  it  seems  advisable  to  smooth  the  minor  irr^u- 
larities  of  the  individual  classes  in  the  B  component,  which  have  no 
relation  to  the  general  form  of  the  curve.  This  will  help  to  make  the 
application  of  Pearson's  test  a  fair  measure  of  the  goodness  of  fit  of 
the  whole  curve  to  the  observations.  We  have  accordingly  made  a 
graphical  ''first  smooth"  of  the  observations  from  class  10  on  to 
the  end  of  the  curve.  The  smoothing  is  started  at  10  because  the 
A  component  curve  ends  at  9.  In  other  words,  no  smoothing  is  done 
in  the  critical  region  of  the  curve  where  both  A  and  B  components 
contribute  to  the  final  result. 

In  Table  12  Pearson's  test  of  the  goodness  of  fit  is  applied  succes- 
sively to  the  rough  and  the  smoothed  observations. 

Table  12. — Compariton  of  observed  and  theoretical  November  egg  production  di$tribuHonM. 


"First 

Eggs  laid  iQ  month. 

Observed 

total 

distribution. 

smooth"  of 
observations 
beyond  end 
of  range  of  A 

Theoretical 

total 
distribution 

(areas). 

(mr-ni'r)« 
Raw  data. 

(iiir-mV)« 
smooth." 

1  component. 

0 

1,189  1                1,189 

1,190 

0.001 

0.001 

1 

137  i                   137 
47  !                     47 

132 
56 

.189 
1.446 

.189 

2 

1.446 

3 

37                       37 

35 

.114 

.114 

4 

20 

26 

29 

.310 

.310 

6 

3fi 

36 

28 

2.286 

2.286 

6 

37 

37 

30 

1.633 

1.633 

7 

32 

32 

34 

.118 

.118 

8 

32 

32 

38 

.947 

.947 

9 

41 

41 

42 

.024 

.024 

10 

39 

42 

45 

.800 

.200 

11 

49                       43 

48 

.021 

.521 

12 

3i)  1                      45 

51 

4.412 

.706 

13 

61                       51 

52 

1.558 

.019 

14 

47                       58 

51 

.314 

.961 

15 

77                       59 

SO 

14.580 

1,620 

16 

3G                        47 

48 

6.750 

.021 

17 

43  1                     40 

44 

.023 

.364 

18 i 

39                        40 

40 

.025 

.400 

19 

41  1                      37 

23  ;                      27 

24  1                      20 
13  1                      13 

5  i                      7 

34 
28 
22 
15 
9 
3 

1.441 
.893 
.182 
.267 
1.778 
3.000 

.265 

20 

.036 

21 

A92 

22 

.267 

23 

.444 

24 

.333 

Total 

2, 153  1                2. 147 

2,154 

43.112 

13.407 
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From  the  table  the  following  points  are  to  be  noted: 

1.  As  the  raw  observations  stand,  Pearson's  test  would  indicate 
that  the  theoretical  curve  gives  on  extremely  poor  graduation.  For 
n  =  25  and  /  =  40,  Elderton's  table  gives  P  =  0.021387,  or  on  this 
result  it  would  be  expected  that  98  or  99  times  in  every  100  trials  we 
should  be  likely  to  get  a  better  agreement  between  observation  and 
theory  than  that  here  shown  if  samples  were  taken  from  a  general 
population  following  the  law  of  frequency  given  by  the  theoretical 
curve. 

2.  But  it  is  clear  from  figure  28  that  the  curve  is  by  no  means  so 
bad  a  fit  as  this  would  indicate.  On  the  contrary,  it  is  a  plain  and 
obvious  fact  that  the  curve  gives  a  very  excellent  representation  of 
the  general  sweep  of  the  observations.  In  other  words,  the  curve 
gives  a  satisfactory  graduation  of  the  data  as  a  whole,  though  in  so 
doing  it  necessarily  quite  fails  to  hit  a  few  (actually  4)  very  irregular 
class  frequencies. 

3.  An  analysis  of  the  ji^  column  for  the  raw  data  shows  that  this 
value  of  43.112  owes  its  extreme  magnitude  chiefly  to  the  contribu- 
tions from  4  classes,  viz,  12,  15,  16,  and  24.  Class  15  alone  adds 
14.580  to  ;^.  A  study  of  the  detailed  figures  in  this  column  in  con- 
nection with  figure  28  will  serve  to  convince  anyone  that  the  value 
of  P  obtained  from  the  raw  data  in  this  case  merely  signifies  that 
the  curve  fails  entirely  to  fit  4  out  of  the  25  observed  class  frequencies. 
It  gives  no  proper  measure  at  all  of  the  validity  of  the  graduation  of 
the  data  as  a  whole. 

4.  Such  a  measure  is  much  more  accurately  given  by  the  figures 
in  the  last  column  of  the  table.  Here  the  theoretical  curve  and  the 
observations  graphically  smoothed  (m  a  nonarbitrary  manner)  in 
the  part  of  the  distribution  beyond  the  end  of  the  A  component 
range  are  compared.  Here  we  get  ;^^==  13.407.  Elderton's  tables 
show  that  for  n  =  25,  P  =  0.966121  when  /  =  13  and  0.946650  when 
j^  =  14.  In  other  words,  if  samples  of  the  size  of  the  present  one  were 
drawn  from  a  population  obeying  the  law  of  frequency  given  by  the 
theoretical  curve,  only  about  5  times  in  every  100  trials  should  we 
expect  to  get  as  close  or  closer  agreement  between  observation  and 
theory  than  the  present  figures  show. 

5.  Taking  all  the  facts  into  consideration,  it  appears  that  the 
theoretical  compound  frequency  curve  obtained  as  the  sum  of  two 
skew  curves  so  closely  fits  the  observations  that  it  may  be  inferred 
with  a  high  degree  of  probability  that  what  differences  exist  between 
observation  and  theory  arise  only  as  a  result  of  the  errors  of  random 
sampling.  From  this  the  conclusion  would  seem  to  be  justified  (ac- 
cording to  the  principles  set  forth  in  the  quotation  from  Pearson,  p. 
139)  that  the  distribution  of  November  egg  production  is,  in  general, 
compound  in  character,  as  postulated  in  our  original  hypothesis. 
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Let  US  turn  now  to  the  consideration  of  the  April  distribution. 
The  assumed  components  and  their  fitted  curves  are  given  in  Table  13. 

Table  13. — April  egg  produdUm,  blowing  the  anumedcamponenUand  their  Jilted  curves. 


Ekps  Uiil  in  the  month. 


I  A^smned  A 

I  C'Oinpooent 

cJbtnbution. 


I  ThMtetlBil  I 
A  compQonit  | 
distribDtkMi 


U 
11 


48  ' 
29  , 
18  ! 
12  . 


B 

compoiMnt 
dbtiilMitJon. 


Tbeorrtkal 
B  component 
dbtribution 

(Mens). 


4 

6 

6 

7 

8 

:               « 

8 
5 

10 
19 
23 
32 
28 
56 
76 
79 
119 
125 
150 
168 
162 
186 
185 
171 
184 
164 
124 
95 
63 
29 
15 
5 
3 

9 
lo 
21 
31 
42 

9 

5t> 

10 ' 

7*' 

11 .              

i«l 

12 

UWs 

13 €                   

127 

14                                                                                                                  

]4*'» 

15 ' 

l»v» 

16 1 

175 

17...                     , 

1^3 

18.::::::::::::::::::::::::::::::::::::::::::::  ::::::::::::..'.:...: 

H9i\ 

19 ■ 

IM 

20 1 

169 

21 .                                .   .   ..' 

151 

22.:.:::::::::::::::::::::::::::::::::::::::::::  ::::::::::::..>::.:.: 

126 

23 '                .   .   .  !     

97 

24 1 

66 

25 :.:::::::::::::::::::::             !       . : .. 

38 

26 1     

16 

27 

3 

28 

Total 

1                   122 

124 

2,285 

2,282 

The    analytical    constants    for    these    distributions   are  given  in 
Table  14. 

Table  14. — Analytical  constants  of  variation  in  April  egg  production. 


Constant. 


N... 
/It... 
ta... 

fi4... 

fit.., 

n-- . 


Pearson's  type 

ai 

a* 

wii 

TTIt 

Skewness 

d 

Standard  deviation 

Mean 

Mode 

CoelQcient  of  variation . 

Range 

+end  of  range 

—end  of  range 


A.  component 

curve. 

curve. 

122 

2285 

2.6506 

22.2406 

5.(i034 

-41.7310 

28.4613 

1387.6466 

1.7406 

a  1583 

1.3193 

a3977 

4.0509 

2.8053 

1.0509 

-0.1947 

-3.1199 

-a  8642 

-0.6314 

-a  1436 

I 

I 

-7.8617 

25.4224 

15.6646 

iai462 

-0.6239 

6.7437 

1.0438 

2.6914 

5.7344 

-a  2832 

9.3360 

-1.33S6 

1.628±.07O 

4.n6±.047 

1.295±.000 

16.530±.067 

-8.0409 

17.8747 

125.712±11.072 

28.£14±.907 

7.8029 

35.6686 

7. 6237 

28.0206 

-0.1792 

-7.6478 
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From  this  table  we  note  the  following  points: 

1.  As  in  the  case  of  the  November  distribution,  both  of  the  com- 
ponent curves  are  of  limited  range.  In  this  case  both  are  of  Type  I, 
the  A  component  curve  being,  as  before,  of  the  J -shape.  The  esti- 
mation of  the  range  ends  is  in  close  accord  with  the  facts  in  the  A 
component  curve,  giving  the  lower  at  —0.1792  or  practically  zero 
and  the  upper  at  7.6237.  The  upper  end  of  the  B  component  (28.0208) 
falls  a  little  short  of  the  observational  range,  but  not  badly  so.  The 
lower  end  of  the  B  curve  is  at  —7.5  roughly,  which  is,  of  course,  a 
physically  impossible  value.  However,  no  particular  importance 
is  to  be  attached  to  this  fact,  because  the  frequency  in  this  com- 
ponent below  the  zero  class  is  negligible.** 

2.  The  values  of  the  areas  show  that  in  the  April  laying  only  a 
trifle  more  than  5  per  cent  of  the  total  flock  falls  in  the  A  component 
of  the  curve,  while  95  per  cent  falls  in  the  B  component.  This  result 
agrees  very  well  with  common  experience  that  in  April,  which  repre- 
sents about  the  height  of  the  natural  breeding  season,  practically 
all  of  the  birds  are  well  along  in  a  laying  cycle. 

3.  The  mean  of  the  A  component  falls  at  1.295,  about  1  egg  higher 
than  in  the  case  of  the  November  distribution.  The  mean  of  the  B 
component  is  at  approximately  16.5  eggs,  showing  an  increase  of  about 
3  eggs  over  the  November  B  component. 

4.  The  absolute  variabilities  of  the  two  components  stand  in  about 
the  same  relation  to  each  other  as  in  the  November  curve.  The  A 
component  is,  however,  somewhat  more  variable  absolutely  in  this 
curve  than  in  the  other.  Relatively  (as  measured  by  the  coefficient 
of  variation)  both  components  have  a  lower  variability  in  the  April 
than  in  the  November  curve. 

5.  The  B  component  in  this  curve  is  skew  in  the  negative  direction 
(mode  larger  than  mean),  though  the  asymmetry  is  not  great  in 
amount. 

The  equations  of  the  curves  are — 

(/p        \-0^39/  ^         \  1.0438 

^"7:86177  V  "15:6646; 

B  component  y  =  185.91-  (1+  ^^  ^^^^  1        II 1 


The  distribution  and  fitted  curves  are  shown  graphically  in  fig- 
ure 29. 

It  is  apparent  from  the  figure  that  the  agreement  between  observe^ 
tion  and  theory  in  this  case  is,  in  general,  excellent.  Here  the  small 
area  comprised  in  the  A  component  leaves  relatively  large  frequencies 

a  See  Part  I,  pp.  32-38,  for  a  discufision  of  this  matter  of  the  extension  of  the  range 
into  n^^tive  values. 
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for  the  remaining  portion  of  the  curve.    The  detailed  figures  for  the 
Pearson  test  of  the  goodness  of  fit  are  given  in  Table  15. 


Fio.  29.— Ulstognun  and  fitted  ciin-es  for  April  egg  production. 


Table  15. — Comparison  of  observed  and  theoretiaii 

April  egg-production  distrUnUions. 

Eggs  lui(i  lo  the  month. 

Observed 

total  distri- 
bution. 

Theoretical 

total  distrlbu- 

Uon  (areas). 

0 

55 

29 

16 

19 

18 

23 

25 

33 

2S 

&S 

76 

79 

119 

125 

150 

KiS 

h.2 

IV. 

lS=i 

171 

1S4 

IW 

124 

95 

(;s 

29 
15 
5 
3 

49 

31 

21 

17 

17 

20 

24 

32 

42 

fi6 

72 

90 

108 

127 

146 

162 

175 

183 

18G 

181 

169 

151 

126 

97 

6C 

38 

16 

3 

a  735 

I 

.129 

2 

1.190 

3 

.235 

4 

.459 

5 

.450 

6 

.042 

7 

.031 

s::;:::::::::::.:.: • :.:.:..:..:.:.: 

4.667 

0 

.071 

10 

.222 

11 

1.344 

12 

1.130 

13 

.032 

14 

.110 

15            

.222 

16 

.9f>6 

17   

.019 

18 

.0U5 

19     

.552 

20 

1.331 

21      

1.119 

22  

.032 

23         

.041 

24       

.136 

26            

2.132 

26.1 

.Oi3 

27 

1.3.33 

28  .                   .                   

Totals 

2,407 

2,405 

18,418 
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The  figures  in  this  table  support  the  conclusion  reached  from  an 
examination  of  the  curve.  From  Elderton's  table  it  appears  that 
when  71  =  28  and'  ;^  =  18,  P= 0.903519,  and  when  f  =  l9,  P  = 
0.870001.  Or,  in  other  words,  the  figures  indicate  that  if  the  distri- 
bution of  April  egg  production  in  Barred  Plymouth  Rock  pullets 
followed  exactly  the  law  given  by  the  combined  theoretical  curves 
we  should  expect  to  get  a  better  agreement  between  observation  and 
theory  when  tested  by  random  samples  of  the  size  of  the  present  one 
in  only  about  11  or  12  out  of  every  100  trials.  The  graduation  is 
excellent,  and  may  be  taken  to  indicate  with  the  degree  of  proba- 
bility implied  in  the  above  figures  that  the  general  hypothesis  regard- 
ing the  quantitative  characteristics  of  egg  production  is  true  for 
April  production. 


COMPONENTS  AND  FITTED  CURVES  FOR  JULY  DISTRIBUTION. 

Let  US  turn  next  to  the  July  distribution.     The  final   assumed 
component  distributions  and  their  fitted  curves  are  given  in  Table  16. 

Table  16. — July  egg  production^  showing  the  assumed  components  and  their  fitted  curves. 


Eggs  laid  in  the  month. 

Assumed  A 
component 
distribution. 

TbeoreUcal 

A  component 

dbtribution 

(areas). 

Assumed  B 
component 
distrfbution. 

Theoretical 

B  component 

distribution 

(areas). 

0        

297 
42 
26 
14 
10 
7 

296 
45 
23 
15 
11 
6 

0  2 

1 

6 

9 

13 

32 

48 

65 

86 

110 

125 

157 

168 

164 

167 

144 

119 

100 

06 

81 

79 

60 

59 

36 

35 

20 

11 

6 

4 

1 

0 

0 

2 

2 

2       

7 

3 

17 

4    

32 

5 

50 

6         

71 

7 

93 

8        

113 

0 

130 

10    

143 

11 

151 

12        

154 

13                    

152 

14     

145 

15 

135 

16 

122 

17 

107 

18 

91 

19 

75 

20 

61 

21 

48 

22 

36 

i:::::;::::.: :.:.::::::;::::::i :::::::::::: 

25 

24 

18 

25 

12 

26 

8 

27 

5 

28 

3 

29    

1 

30 

1 

31        

0.3 

Totals 

396 

390 

2,011 

2,003.5 
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The  analytical  constants  of  these  distributions  are  given  in  Table  17. 

Table  17. — Analytical  consUinU  of  rariation  in  July  egg  production. 


Constant. 

A  component 
curve. 

B  component 
curve. 

N 

39G 

1.34tiO 

3.2640 

12.3682 

5.4687 

2.3385 

7.9293 

+4.9293 

-6.5474 

-1.6290 

I 

7.1840 

-1.6429 

-a  8576 

0.1961 

-5.9014 

-6w5061 

1.476±.035 

a533i:.OS0 

•  7.1279 

27a922±26.830 

5.5420 

5.4851 

-a  0570 

2011 

24  8575 

jg., 

.  .                      # 

37  1164 

M .       . 

1703  9608 

J;.... :,.:.:::;:: 

0  0807 

^/h.:.::::::::::::::::::::::::::::::::::::::::: : : : 

.2906 

fit 1 

2.7577 

g-3....! ....:.:.:.:..:::::     : 

—  2423 

Cl 

—.7537 

K% 

—.0916 

Peanon'sType 

I 

at 

12.9692 

Of 

26.39S3 

«!., 

3.7155 

ma 

7.5628 

SkewnoB 

d 

1.0114 

8t«n4anl  (If  Tlatlon  . . . 

4.986±  075 

Mean 

13.0S3±.033 

Mode 

12.0413 

CoefBdent  of  variation 

38.197±.4Ct2 

Range 

)0.3(S75 

•f  md  of  range r 

38.4397 

->^nd  ot  rang^ ... 

-0.9278 

•  The  "mode  "  here  is,  of  oourae,  merely  an  algebraical  constant  of  the  curve. 

From  these  figures  we  note  that — 

1.  Both  component  curves  are  again  limited-range  Type  I  curves. 
The  A  component  curve  is  of  the  J-shaped  type.  The  theoretical 
estimation  of  the  range  by  these  curves  is,  as  in  the  other  curves,  in 
good  accord  with  observed  fact.  The  lower  range  end  of  the  A  com- 
ponent falls  almost  exactly  at  0  production,  while  the  same  end  of  the 
B  component  is  at  —0.9,  an  insignificant  overestimation.  The  upper 
end  of  the  B  component  (and  hence  of  the  compound  curve)  is  at 
about  38  eggs.  This  is  higher  than  the  observed  range  end,  but  the 
theoretical  frequency  (area  of  the  curve)  beyond  the  latter  is  negli- 
gible in  amount. 

2.  In  the  July  distribution  approximately  16.5  per  cent  of  the  total 
frequency  falls  in  the  A  component  and  83.5  per  cent  in  the  B  com- 
ponent. This  indicates  the  decreasing  rate  of  fecundity  in  July  as 
compared  with  April. 

3.  The  mean  of  each  component  is  lower  than  the  mean  of  the  cor- 
responding component  of  the  April  curve.  The  mean  of  the  B  com- 
ponent (13.053)  is  very  nearly  the  same  as  the  mean  of  the  Novem- 
ber B  curve  (13.347).  In  other  words,  the  birds  which  are  fairly 
well  started  on  a  laying  cycle  lay  at  about  the  same  rate  in  November 
as  in  July. 

4.  The  relative  variability  of  the  A  component  becomes  again  very 
high,  practically  equaling  the  November  variability.  The  B  compo- 
nent shows  relatively  more  variability  than  in  either  of  the  other 
curves  examined. 


Digitized  by  V3OOQ IC 


SEASONAL  DISTRIBUTION   OF  EGG  PEODUCTION. 


153 


5.  The  skewness  of  the  B  component  is  here  positive,  the  mode 
lying  below  the  mean. 
The  equations  of  the^  curves 


(aj        \-0.8S76/  X       \0.1W1 

^+73849)       O  +  reW 

^^  +  12:9692;       0-2673983; 

The  fitted  curve  is  shown  graphically  in  figure  30. 

It  is  evident  from  the  diagram  that  the  graduation  is  a  good  one. 
Applying  Pearson's  test  of  the  goodness  of  fit,  we  have  the  results  set 
forth  m  Table  18. 

Table  18. — Comparison  of  observed  and  theoretical  July  egg-production  distribtUions, 


Eggs  laid  in  the  month. 

Obseired 

total 

dlstilbuUon. 

total 
distribution. 

(tnr-mV)« 
mr 

0  

297 
48 
35 
27 
42 
55 
65 
80 
110 
125 
157 
168 
164 
167 
144 
119 
109 
95 
81 
79 
60 
50 
36 
35 
20 
11 
6 
4 
1 
0 
0 
2 

296 
47 
30 
32 
43 
67 
71 
93 

n3 

130 

143 

161 

154 

152 

145 

135 

122 

107 

91 

75 

61 

48 

36 

25 

18 

12 

8 

5 

3 

1 

1 

al 

0.003 

1 

.021 

2            

.833 

3 

.781 

4                   

.023 

5 

.070 

6 

.607 

7           

.527 

8 

.080 

9 

.192 

10  

1.371 

11 

1.914 

12.          

.649 

13 

1.480 

14                   

.007 

15 

1.806 

16                       

1.385 

17            

1.346 

18 

1.099 

19         

.213 

20 ". 

.016 

21                

2.521 

22 

.000 

23                     

4.000 

24 

.222 

25 

.063 

26     

.500 

27 

.200 

28                

1.333 

29 

1.000 

30 

1.000 

31            

1.000 

Total 

2,407 

2,406 

26.272 

a  ToIaI  area  of  theoretical  curve  for  30  and  beyond. 

Elderton's  tables  extend  only  to  n  =  30.  By  graphical  extrapola- 
tion from  these  tables  we  find  that  for  ti  =  32  and  f  =  26jP  is  roughly 
0.72.  In  other  words,  it  appears  that  while  the  graduation  of  the 
July  data  is  not  quite  so  good  as  that  of  the  April,  it  still  can  only  be 
regarded  as  excellent.  If  egg  production  in  July  followed  exactly  the 
law  of  frequency  given  by  the  present  theoretical  curve,  we  should 
expect  to  get  a  better  agreement  between  observation  and  theory 

56681°— Bull.  110,  pt  2—11 6 
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when  tested  by  random  samples  of  the  size  of  the  present  one  in 
only  one  sample  out  of  every  three  or  four  tried. 

It  appears,  taking  all  the  evidence  together,  that  there  is  a  very  high 
degree  of  probability  that  the  hypothesis  made  above  (p.  136  et  seq.) 
regarding  the  quantitative  relations  of  ^g  production  is  true.  We 
have  found  a  very  close  accordance  between  observation  and  theory  in 
the  case  of  three  months  chosen  as  examples  to  represent  the  differ^it 
types  of  distribution  which  appear  in  the  different  parts  of  the  laying 
year.  There  is  an  accumulative  probability,  arising  from  the  fact 
that  all  three  of  these  dLstributions  show  such  excellent  agreement 


-* — 'ir       ^       ;» M  '  a — 79 — 79 — ito — H     8* — IT 

Fig.  30.— HLstogmm  and  fitted  cunes  for  July  egg  production. 


between  observation  and  theory,  that  the  hypothesis  adopted  repre- 
sents in  essential  features  the  actual  facts.  So  great  is  this  proba- 
bility that  the  evidence  presented  may  be  said  practically  to  demon- 
strate the  validity  of  the  hypothesis  advanced,  so  far  at  least  es  the 
months  specially  discussed  are  concerned, 

CONFORMITY   OK  REMAINING   MONTHS   TO   GENERAL  TYPE. 

It  now  remains  to  consider  briefly  tlie  question  of  the  extent  to 
which  the  other  months  of  the  year  conform  to  the  general  type  of 
S-shaped  compound  distribution  of  e^^^^^  production  which  have  been 
analyzed  for  November,  April,  and  July.     The  facts  brought  out  in 
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the  preceding  section  leave  little  doubt  that  all  the  months  are  of 
essentially  this  same  type.  The  only  months  regarding  which  there 
can  be  any  doubt  on  this  point  are  December  and  Januaiy^  and  here 
the  doubt  is  not  as  to  whether  these  curves  are  compound  and 
S-shaped,  but  merely  as  to  whether  it  may  not  be  necessary  in  grad- 
uating them  to  make  a  subsidiary  hypothesis  in  addition  to  that 
which  suffices  for  the  treatment  of  the  other  months.  In  the  observed 
distributions  for  these  months  there  is  an  unduly  high  frequency  on 
the  classes  lying  in  the  boundary  region  where  the  two  components 
overlap.  An  analytical  study  of  the  January  distribution,  shows 
that  the  unsmoothed  figures  are  not  so  readily  to  be  graduated  satis- 
factorily as  the  sum  of  two  curves  as  the  other  months  have  proved 
to  be.  However,  this  result  by  no  means  proves  that  another  law 
of  frequency  obtains  for  December  and  January.  This  will  be  evi- 
dent if  the  following  facts  are  taken  into  consideration.  December 
and  January  are  both  months  showing  the  extreme  type  of  distribu- 
tion with  a  very  high  frequency  on  zero,  and  consequently,  with 
samples  of  the  present  size,  have  an  entirely  inadequate  remaining 
frequency  to  give  a  smooth  distribution  over  the  other  classes.  In 
^  other  words,  we  have  the  same  difficulty  as  has  been  noted  for  the 
November  distribution,  though  here  possibly  more  pronounced. 
Any  existing  difficulty  in  regard  to  the  graduation  of  the  polygons 
of  these  months  may  arise  simply  because  the  existing  sample  is  a 
particularly  bad  one  from  which  to  determine  the  true  nature  of  the 
distribution.  The  conclusion  to  which  the  facts  point  is  that  the 
December  and  January  distributions  are  in  their  general  features 
like  those  for  the  other  months  of  the  year,  which,  as  we  have  seen, 
represent  the  sum  of  two  skew  frequency  curves.  With  our  present 
data,  however,  we  are  not  able  to  determine  whether  or  not  some 
minor  additional  subsidiary  hypothesis  may  be  necessary  to  grad- 
uate satisfactorily  the  distributions  for  these  two  months.  This  is 
a  question  of  detail  which  must  wait  for  further  data.  It  does  not 
influence  the  general  result  of  this  investigation. 

A  special  summary  of  the  points  brought  out  in  this  section  of  the 
paper  is  not  given  here,  but  in  order  to  save  space,  is  presented  in  the 
general  summary  of  the  whole  paper  which  immediately  follows: 

SUMMABT  OF  BBSTJLTS  AND  CONCLUSIONS. 

This  paper  constitutes  Part  II  of  a  general  study  of  egg  production 
in  the  domestic  fowl.  It  deals  with  the  seasonal  distribution  of  e^ 
production.  The  distribution  of  egg  production  in  each  month  of  the 
pullet-laying  year  is  particularly  studied.  The  data  on  which  this 
study  is  based  are  the  trap-nest  records  of  Barred  Plymouth  Rocks 
collected  at  the  Maine  Experiment  Station,  involving  detailed  monthly 
egg  records  of  more  than  2,400  birds,  collected  in  a  period  of  nine 
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consecutive  years.     The  chief  results  of  this  analysis  are  summarily 
stated  in  the  following  paragraphs: 

1.  The  mean  or  average  monthly  egg  production  exhibits  the  fol- 
lowing characteristic  changes  in  the  course  of  the  laying  year: 

(a)  The  lowest  mean  production  of  the  year  is  in  the  month  of 
November. 

(b)  The  mean  monthly  production  increases  in  December  and 
January  at  a  relatively  very  rapid  rate. 

(c)  There  is  a  slacking  up  in  the  rate  of  increase  in  February, 
which  probably  represents  the  point  of  the  ending  of  the  first,  or 
winter,  cycle  of  e^  production.  This  Februarj'  slacking  up  amounts 
in  many  cases  to  an  actual  decrease  in  productiveness  as  compared 
with  the  point  attained  in  January. 

(d)  The  mean  production  reaches  a  maximum  in  March. 

{e)  While  the  mean  production  for  April  is  practically  the  same  as 
that  for  March,  there  is  a  steady  decline  after  April  on  to  the  end  of 
the  laying  year  in  Octol)er. 

(/)  There  is  a  tendency  toward  a  slightly  larger  drop  in  mean  pro- 
duction in  May.     This  is  the  period  of  natural  broodiness. 

2.  The  present  data  indicate  that  only  a  trifle  more  than  a  quarter 
of  the  total  eggs  produced  are  lakl  in  the  winter  third  of  the  year 
(November  1  to  March  1).  In  the  first  two-thirds  of  the  laying  year 
approximately  three-fourths  of  the  total  eggs  are  produced. 

3.  The  month  of  maximum  productivity  varied  in  the  experiments 
furnishing  the  present  data  with  the  method  of  housing.  In  a  closed, 
warmed  house  the  month  of  maximum  production  was  April;  in  a 
curtain-front  house  it  was  March. 

4.  The  greatest  relative  variability  in  egg  production  is  at  the 
beginning  of  the  laying  year  (month  of  November).  The  month  of 
lowest  variability,  both  absolute  and  relative,  is  April. 

5.  The  laying  year  may  be  divided  into  four  natural  periods  or 
cycles  with  reference  to  egg  production.  The  first  of  these  periods 
(rouglily  November  1  to  March  1 )  is  the  winter  period,  wherein  egg 
production  is  essentially  a  nonnatural  (i.  e.,  forced  or  stimulated) 
process.  The  second  or  spring  period  (roughly  March  1  to  June  1) 
is  the  natural  laying  period  of  the  domestic  fowl  in  its  normal  repro- 
ductive cycle.  The  third  (roughly  June  1  to  September  1)  and 
fourth  (rouglily  St^ptember  1  to  October  31)  periods  are  not  shaiply 
separated  from  one  another.  The  summer  egg  production  repre- 
sents in  part  a  natural  continuance  of  the  normal  breeding  season 
(rearing  of  a  second  brood  by  the  wildGaUus)  and  in  part  a  stimulated 
process.  Tliis  period  is  terminated  by  the  molt,  which  is  the  char- 
acteristic feature  of  the  fourth  period. 

6.  There  is  no  evidence  that  the  continued  selection  for  higher  egg 
production  practiced  during  the  eight  years  covered  by  the  experi- 
ment produced  any  increase  whatever  in  the  mean  egg  production 
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of  any  month  in  the  year.  On  the  contrary,  the  mean  production  in 
all  but  two  of  the  months  actually  decreased  during  the  period  of 
selection. 

7.  So  far  as  there  was  any  change  whatever  in  variability  in 
monthly  egg  production  during  the  period  when  selective  breeding 
was  practiced,  this  change  was  not  in  the  direction  of  a  reduction  as 
a  result  of  tlie  selection,  but,  on  the  contrary,  there  was  an  actual 
increase  in  variability  in  all  but  one  month  of  the  year,  and  here 
the  platted  variability  line  did  not  sensibly  deviate  from  the  hori- 
zontal. 

8.  The  present  statistics  show  no  bad  eflFect  on  egg  production  in 
the  winter  months  (November  to  March)  of  keeping  birds  in  large 
and  crowded  flocks  (up  to  the  limits  included  in  the  present  study). 
On  the  other  hand,  overcrowding  tends  distinctly  to  lower  summer 
(and  to  a  smaller  extent  spring)  egg  production.  It  is  chiefly  as  a 
result  of  this  effect  on  summer  production  that  the  mean  annual 
production  is  lower  in  the  large  flocks,  as  shown  in  Part  I  of  this  work 
(Bureau  of  Animal  Industry  Bulletin  110,  Part  I,  pp.  58-61). 

9.  The  excess  in  relative  variability  of  egg  production  of  the  larger 
flocks  (100  and  150  birds)  over  the  smaller  (50  and  100  birds)  observed 
in  the  annual  records  (see  Part  I)  is  found  upon  analysis  to  be  on  the 
whole  fairly  evenly  distributed  over  tlie  whole  year.  In  the  period 
of  the  year  in  which  there  is  the  heaviest  production,  such  environ- 
mental differences  as  are  implied  in  the  different  flock  sizes  in  the 
experiment  do  not  appreciably  affect  the  relative  variability  of 
production. 

10.  The  polygons  of  variation  in  monthly  egg  production  are  all 
bimodal,  though  homogeneous.  The  position  of  the  mode  changes 
in  a  regular  manner  during  tlie  course  of  the  laying  year,  as  does 
also  the  skewness  of  tliis  portion  of  the  distributions.  These  monthly 
distributions  may  be  described  as  S-shaped,  and  are  in  general  of  the 
same  type  in  the  different  months,  though  different  in  detail. 

11.  By  a  process  of  matliematical  reasoning  set  forth  in  detail  in 
the  text  it  is  shown  that  the  observed  facts  regarding  the  character 
of  the  distributions  of  variation  in  monthly  egg  production  are 
adequately  accounted  for  by  an  hypothesis  which  includes  the  fol- 
lowing points.  Thefee  statements  are  therefore  set  down  as  con- 
clusions of  this  study : 

(a)  That  variation  or  changes  in  the  rate  of  fecundity  in  the  hen 
are  fundamentally  or  innately  continuous  (in  the  mathematical 
sense),  though  the  objective  manifestation  of  fecundity  is  discon- 
tinuous, i.  e.,  expressed  in  discrete  units. 

(6)  That  visible  egg  production  in  each  individual  bird  tends  to 
occur  in  definite  cycles  or  periods  of  varying  length  wliicii  alternate 
with  nonproductive  periods. 
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(c)  That  the  rate  of  fecundity  (amount  of  egg  production  per  unit 
of  time,  conceived  in  the  sense  of  the  diflFerential  calculus)  is  in  any 
bird  at  a  minimum  at  the  beginning  of  a  cycle  of  production,  increases 
to  a  maximum  at  what  may  be  termed  the  height  of  the  cycle,  and 
decreases  to  a  minimum  (usually  quite  rapidly)  as  the  end  of  the 
cycle  is  approached. 

(d)  That  each  of  the  monthly  fecimdity  distributions  is  com- 
pound, and  made  up  of  two  parts.  In  one  part  are  included  all  birds 
which  are  well  along  in  a  period  of  laying  activity  (or  cycle  of  fecun- 
dity). The  other  part  includes  those  birds  not  laying  at  all  (that 
is,  in  a  nonproductive  condition  or  period)  and  those  that  have  just 
emerged  from  this  condition  of  zero  fecimdity  and  started  on  a 
laying  cycle. 

(e)  That  (1)  the  proportion  of  the  whole  flock  which  falls  into 
each  of  these  two  classes,  and  (2)  the  particular  rate  of  fecundity 
which  marks  the  boundary  between  the  two  classes,  are  not  constant, 
but,  on  the  contrary,  change  in  a  definite  and  orderly  manner  in  the 
different  parts  of  the  laying  year. 

(/)  That  the  distribution  of  frequency  within  each  of  the  two 
hypothetical  components  of  the  monthly  fecundity  distributions 
follows  a  simple,  unimodal  skew  frequency  curve,  and  that  tlie  curve 
describing  the  entire  monthly  fecundity  distribution  is  in  each  case 
the  sum  of  two  skew  frequency  curves. 
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A  BIOMETRICAL  STUDY  OF  EGG  PRODUCTION  IN  THE 
DOMESTIC  FOWL 


liL    VARIATION    AND    CORRELATION    IN   THE    PHYSICAL 
CHARACTERS  OF  THE  EGG.' 


nVTSODUOTXON. 

In  the  previous  parts '  of  this  bulletin  attention  has  been  directed 
primarily  toward  the  statistical  or  mass  phenomena  of  egg  produc- 
tion. To  reach  anything  approaching  an  adequate  imderstanding  of 
those  phenomena  it  is  essential  that  the  production  of  an  egg  be  ana- 
lyzed as  a  physiological  process  pertaining  to  the  individual.  Such 
physiological  studies  »  have  been  carried  on  concurrently  with  this 
"Biometrical  Study." 

The  formation  and  deposition  of  a  bird's  egg  involve  a  large  series 
of  complex  processes.  In  order  to  get  a  better  understanding  of  the 
exact  bearing  of  this  paper  on  the  general  problem  it  may  be  useful  to 
enumerate  a  few  of  the  more  evident  of  these  processes  as  follows :  (1 ) 
The  development  of  the  ovary  into  the  laying  condition  and  its  effect 
upon  the  somatic  characters  of  the  bird.  (2)  The  accompanying 
increase  in  size  and  functional  activity  of  the  oviduct.  (3)  The 
growth  of  the  oocyte  and  the  elaboration  of  the  yolk.  (4)  The  rup- 
ture of  the  ovarian  follicle  (ovulation).  (5)  The  inclusion  of  the  yolk 
by  the  funnel  of  the  oviduct.  (6)  The  movement  of  the  yolk  down 
the  oviduct.  (7)  The  secretion  of  the  albumen.  (8)  The  formation 
of  the  shell  membranes.  (9)  The  secretion  of  the  calcareous  shell. 
(10)  The  determination  of  the  characteristic  shape  and  color  of  the 
shell.  (11)  The  several  processes  involved  in  the  extrusion  of  the 
egg- 

1  Ptpenfrom  the  BfoiogloallAbormtory  of  tlie  Haiae  A^rloultunl  Experiment  Station,  No.  45. 

i  A  Blometrical  Study  of  Ecg  Produotlon  in  tbe  Domestic  FowL  I.  Variation  in  Annual  Egg  Produc- 
tion. U.  8.  nepartment  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  110,  pp.  l-«0,  1909.  II. 
Seasonal  Distrfbutloa  of  Egg  Production.   lUd, ,  pp.  81-170, 1911. 

s  The  results  of  these  studies  to  date  have  been  published  in  the  following  series  of  papers  under  the  gen- 
eral  title  "  Studies  on  the  Physiology  of  Reproduction  in  the  Domestic  Fowl: " 

I.  BegulatiottlnthemorphogeiieticactiTfty of theovidoct.    Jour.  Exp. ZooL, vol. 0,pp.  399-369, 1909. 

n.  Data  on  the  inheritance  of  fecundity  obtained  from  the  reofwds  of  egg  production  of  the  daughters  of 
*'20(^«gg"  bens,    llaine  Agricultural  Bxperlmant  Station,  Annual  Report  for  1909,  pp.  4^-84. 

III.  A  case  of  incomplete  hermaphroditism.    Biological  Bulletin,  voL  17,  pp.  371-286, 1909. 

IV.  Data  on  certain  factors  influencing  the  HBrtillty  and  hatching  of  eggs,  llaine  Agricultural  Experi- 
ment Station,  Annual  Report  for  1909,  pp.  105-164. 

V.  DaU  regarding  the  physiology  of  the  oviduct.   Jour.  Exp.  Zool. ,  voL  12,  pp.  99-132, 1912. 
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Very  little  definite  information  regarding  these  various  processes 
is  to  be  found  in  the  existing  literature.  The  problem  is  a  com- 
plex one  and  needs  to  be  attacked  from  various  standpoints.  The 
essential  facts  regarding  the  physical  characters  of  the  normal  hen's 
egg  and  the  variation  and  correlation  of  these  characters  are  funda- 
mental data  necessary  for  the  most  successful  prosecution  of  experi- 
mental work  on  the  problems  of  egg  production.  To  supply  these 
data  is  the  purpose  of  the  present  paper. 

We  shall  in  tills  part  of  the  study  deal  with  the  ''product"  phase 
of  egg  production.  Quality  and  character  of  product  are  as  essentiid 
as  quantity  in  e^  production,  when  the  matter  is  looked  at  from  the 
economic  standpoint.  In  recent  years  iacreasiag  attention  has  been 
paid  to  the  study  of  factors  influencing  the  character  and  quality  of 
eggs.  Foremost  in  economic  importance  are  the  investigations 
dealing  with  the  eflFect  of  the  environmental  vicissitudes  to  which  the 
egg  is  subjected  in  the  process  of  getting  from  the  hen  to  the  breakfast 
egg  cup.  Here  may  be  mentioned  the  recent  studies  of  Lamon  and 
Opperman.*  The  bacteriology  and  chemistry  of  the  egg  are  also  re- 
ceiving attention.  In  such  studies  as  those  of  Pennington'  and 
Willard  and  Shaw  '  the  factors  dealt  with  as  influencing  the  quality 
and  character  of  eggs  are  umate,  in  that  they  are  determined  by  the 
hen  in  greater  or  less  degree.  Finally,  however,  beyond  all  these  are 
the  essentially  innate  biological  factors  which  influence  the  character 
of  eggs.  The  size,  shape,  and  color  of  the  egg  are  not  determined  by 
the  way  in  which  it  is  handled  in  getting  to  market.  They  are  basic 
biological  characters,  which  are  presumably  inherited.  Also  such 
qualities  as  texture  of  shell,  thickness  of  shell,  color  of  yolk  and  albu- 
men, etc.,  are  characteristics  which  depend  for  their  precise  determi- 
nation on  the  physiological  economy  of  the  hen.  But  these  qualities 
are  not  without  economic  significance.  There  are  definite,  if  not  as 
yet  altogether  precisely  defined,  market  standards  with  regard  to  each 
of  these  characteristics  which  have  been  enumerated.  The  producer 
wants  to  put  on  the  market  an  egg  which  will  meet  these  standards. 
It  is  important  that  there  be  as  clear  an  understandiag  and  complete 
a  knowledge  as  can  be  obtained  of  the  underlying  biological  factors 
involved.  The  present  study  is  intended  as  a  contribution  in  this 
direction. 

This  Part  III  deals  with  the  shape  and  size  of  eggs  laid  by  "pure- 
bred" domestic  fowls.  There  is  good  reason  to  believe  that  the  final 
shape  of  an  ^g  is  determined  in  the  lower  portion  of  the  oviduct 
known  as  the  uterus  or  shell  gland.     The  evidence  for  this  conclusion 

1  Lamon,  H.  M.,  and  Opperman,  C.  L.  The  improyement  of  the  faim  egg.  U.  S.  Depi.  Agr.,  Bar. 
Anim.  Ind.,  Bulletin  141,  pp.  1^3, 1911. 

s  Pennington,  M.  E.  A  chemical  and  bacteriological  Btady  of  fresh  egg?.  Joor.  BioL  Chem.,  v<6L  7,  pp. 
10»-132,  1909. 

s  WOlard,  J.  T.,  and  Shaw,  B.  H.  Analysis  of  eggB.  Kansas  Agr.  Ezpt.  Sta.,  Bulletin  189,  pp.  10-177, 
1909. 
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has  been  stated  in  a  previous  paper  ^  by  one  of  the  writers  and  need 
not  be  repeated  in  detail  here.  It  was  there  pointed  out  that  there 
are  two  possibilities  with  regard  to  the  mechanism  by  which  the  shape 
is  determined.  These  are  (a)  the  active  contractions  of  the  muscular 
walls  of  the  uterus  and  Cb)  the  passive  elasticity  of  these  walls,  causing 
them  to  act  as  a  mold  for  the  plastic  egg  mass.  From  a  careful 
study  of  the  successive  eggs  of  an  individual  hen  it  was  concluded 
that  the  finer  and  individual  form  characteristics  of  eggs  were  deter- 
mined by  muscular  contractions  before  and  during  the  deposition  of 
the  calcareous  shell.  It  is  only  in  this  way  that  one  can  account  for 
the  changes  undergone  by  successive  eggs  of  the  same  individual. 
Hence  the  shape  of  an  egg  measures  in  an  indirect  way  the  physio- 
logical activity  of  the  muscles  in  one  portion  of  the  oviduct. 

The  volume  and  weight — i.  e.,  the  size — of  an  egg  are  determined 
both  by  the  size  of  the  yolk  elaborated  before  it  leaves  the  ovary  and 
by  the  amount  of  albumen  secreted  by  the  oviduct.  In  studying  the 
variation  in  the  size  and  volume  of  e^s  we  are  indirectly  studying 
the  variation  of  certain  physiological  processes.  These  processes, 
connected  with  the  formation  of  the  yolk  and  albumen,  are  among  the 
most  important  factors  in  egg  production.  Whatever  light  may  be 
thrown  upon  them  can  not  but  aid  in  an  ultimate  understanding  of 
the  physiology  of  egg  formation. 

The  ordinary  concept  of  an  egg  is  of  a  structure  of  fairly  definite 
shape  and  size.  This  is  reflected  in  such  common  expressions  as 
"egg-shaped"  and  "the  size  of  an  egg."  Nevertheless  every  poul- 
tryman  knows  that  the  size  of  eggs  varies  greatly — ^most  markedly 
between  different  breeds  of  poultry.  But  within  the  same  breed  the 
variation  is  often  scarcely  less  striking.  The  limits  of  this  varia- 
bility may  extend,  on  the  one  hand,  to  the  very  small  eggs  occa^ 
sionally  found  with  a  small  amount  of  albumen  and  no  yolk,  or  a  very 
small  amount  without  definite  yolk  membrane.  On  the  other  hand, 
a  hen  may  occasionally  lay  an  enormous  double  or  triple  yolked  egg. 
It  is  not  the  purpose  of  this  paper  to  deal  with  either  these  abnor- 
mally small  or  abnormally  large  eggs. 

There  is,  however,  a  variation  in  the  physical  characters  of  what 
may  be  called  normal  eggs,  as  distinguished  from  such  abnormal  speci- 
mens as  have  just  been  mentioned.  A  "normal "  egg  may  be  regarded 
as  one  in  which  a  single  yolk  surrounded,  by  a  yolk  membrane  is 
inclosed  within  the  usual  layers  of  albumen,  shell  membrane,  and 
calcareous  shell.  It  is  with  such  normal  eggs  that  the  present  inves- 
tigation is  concerned. 

Among  the  general  topics  dealt  with  in  this  part  of  the  study  the 
following  are  the  more  important.  The  specific  problems  which  arise 
in  connection  with  these  topics  will,  in  order  to  avoid  repetition,  only 

1  Pevl,  R.   R«galatiaD  In  the  mondiogaiBtio  actlTity  of  the  OTiduot  Jour.  Exp.  Zod.,  vol.  6,  pp.  339- 
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be  stated  and  discusBed  in  the  sections  of  the  paper  wh««in  the  data 
bearing  upon  them  are  presented. 

1.  The  mean  size  and  variability  of  the  various  physical  characters 
of  eggs  from  different  individuals. 

2.  Tlie  nature  of  the  frequency  distributions  to  which  measure- 
ments of  these  characters  lead. 

3.  The  correlation  between  the  several  physical  characters  of  the 

4.  The  regression  of  the  several  characters  upon  one  another,  and 
the  characteristic  equations  deduced  from  the  regression  constants, 
together  with  the  use  of  such  characteristic  equations  in  predicting 
the  probable  condition  of  one  character  of  the  egg  from  a  knowledge 
of  the  actual  condition  of  other  characters. 

5.  Comparison  of  the  ^gs  of  the  domestic  fowl  with  those  of  wild 
species  of  birds. 

6.  The  d^;ree  of  variation  (or  uniformity)  exhibited  in  the  eggs 
laid  by  an  individual  bird,  and  the  relation  of  the  variation  in  the 
product  of  an  individual  to  variation  in  the  ^gs  of  the  race  (flock  or 
strain). 

KATBBIAI<  AHB  XSTHODS. 

The  material  upon  which  this  paper  is  based  consists  of  several  series 
of  egg  measurements.  These  were  obtained  from  eggs  laid  at  the 
poultry  plant  of  the  Maine  Agricultural  Experiment  Station  during 
the  years  1908  and  1909.  Except  when  a  specific  statement  to  the 
contrary  is  made,  all  discussions  in  this  paper  refer  to  the  data  from 
the  eggs  of  Barred  Plymouth  Rock  pullets.  The  strain  of  Barred 
Plymouth  Rocks  from  which  these  eggs  came  has  been  bred  at  the 
Maine  Station  since  1898.^  Previous  to  that  time  they  had  been  bred 
for  a  number  of  years  by  the  late  Prof.  G.  M.  Gowell.  They  are  pure- 
bred birds  in  the  fancier's  sense.  The  birds  have  been  fed  and  cared 
for  under  conditions  as  nearly  uniform  as  could  be  obtained.  Hence 
the  material  with  which  we  have  to  do  is  as  nearly  homogeneous  as  it 
is  practically  possible  to  obtain.  This  paper  is  based  upon  the  meas- 
urement of  about  5,500  eggs.  It  is  believed  that  there  are  sufficient 
data  in  the  various  series  to  establish  with  considerable  accuracy  the 
constants  derived  from  them  for  normal  eggs  of  Barred  Plymouth 
Rock  pullets. 

In  each  of  the  series  of  data  here  considered  the  length  and  maxi- 
mum breadth  of  each  egg  were  measured.  From  these  two  measure- 
ments there  were  calculated  in  most  cases  (a)  the  length-breadth 
index  and  (b)  the  bulk  or  volume  of  the  e^.  In  addition  to  these 
data  the  weight  of  the  fresh  egg  was  obtained  in  series  A. 

Tlie  length  and  breadth  of  the  eggs  were  measured  with  the  aid 
of  a  large  micrometer  caliper  provided  with  a  ratchet  head.     This 

1  For  d  discussion  of  the  breeding  of  this  flock  see  I^art  I  of  this  study. 
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caliper  was  held  in  a  wooden  frame  so  to  avoid  the  expansion  and 
contraction  due  to  the  varying  conditions  of  temperature  which  would 
be  induced  by  handling.  The  ratchet  head  insures  that  the  same 
pressure  is  exerted  on  each  egg  by  the  caliper  jaws  when  the  reading 
is  taken.  The  measurements  were  recorded  to  hundredths  of  a 
millimeter.  In  cases  where  an  egg  was  not  perfectly  symmetrical 
the  largest  diameter  was  taken.  It  not  infrequently  happened  in  the 
measurement  of  the  breadth  that  one  diameter  was  found  to  be 
larger  than  the  others.  Lx  such  cases  the  egg  was  turned  until 
this  diameter  was  found  and  its  magnitude  recorded. 

The  length-breadth  index  was  obtained  by  dividing  one  hundred 
times  the  breadth  by  the  length.  This  constant  gives  a  measure 
of  the  shape  of  the  egg.  A  long  and  narrow  egg  will  have  a  relatively 
low  index,  while  a  short  and  broad  egg  will  have  a  high  index.  Its 
value  is  independent  of  the  absolute  size  of  the  egg  except  in  so  far 
as  the  length  is  correlated  with  the  breadth.  Tliis  correlation  is 
very  small. 

In  determining  the  volume  or  bulk,  as  it  will  be  called  here,  the 
egg  was  regarded  as  a  perfect  prolate  spheroid,  and  the  formula  for 
obtaining  the  volume  of  such  a  body  was  employed.     This  formula  is: 

where  V  denotes  volume,  and  a  and  b  are  the  semi-axes,  a  being  the 
shorter.     As  actually  used  on  eggs  this  formula  becomes: 

7effa  =  4.1888  (J  breadth)* X  (J  length). 

The  bulk  gives  us  a  measure  which  should  bear  a  definite  relation 
to  the  weight  if  the  specific  gravity  of  an  egg  is  constant.  In  calculat- 
ing both  the  index  and  bulk,  the  length  and  breadth  measurements 
were  used  to  the  second  decimal  place.  All  of  the  weights  used 
in  this  paper  were  obtained  on  balances  sensitive  to  tenths  of  a 
milligram  and  the  weiglits  recorded  to  the  nearest  milligram. 

In  series  A  a  determination  of  the  color  of  each  egg  was  made. 
As  is  well  known,  Barred  Plymouth  Rocks  lay  tinted  eggs.  The 
colors  are,  however,  so  delicate  that  their  measurement  offers  special 
difficulties.  After  studying  the  matter  carefully  the  following 
procedure  was  decided  upon:  To  form  a  series  of  egg  shells  which 
should  represent  as  nearly  as  possible  equidistant  steps  in  a  graded 
series  leading  from  the  lightest  egg  anywhere  to  be  found,  on  one 
end,  to  the  darkest  eggs  which  occur,  on  the  other;  then,  having 
obtained  such  a  "normal"  series,  to  compare  with  the  series  each 
egg  whose  color  it  was  desired  to  record,  and  note  (by  number) 
the  "normal''  egg  with  which  it  agreed  iji  color,  or  the  two  members 
of  the  series  between  which  it  fell  in  case  it  exactly  agreed  with  no 
single  one.     In   attempting   tp   follow   thui   procedure  in  practice 
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the  first  difficulty  encountered  was  that  more  than  one  color  series 
was  found  to  exist  in  Barred  Plymouth  Rock  eggs.  Tinted  hens' 
eggs  are  usually  called  ''brown''  eggs.  As  a  matter  of  fact  many  of 
them  are  not  brown  at  all  but  a  delicate  shade  of  pink.  After 
handling  hundreds  of  eggs  with  this  point  in  mind  we  found  it 
necessary  to  form  three  normal  color  scales  instead  of  one  as  originally 
contemplated.  These  three  series  were  designated  in  our  records 
respectively  as  the  "brown,"  "brown-pink,"  and  "pink"  series  of 
comparison  egg  shells.  The  brown  series  included  all  eggs  which 
showed  no  trace  whatever  of  a  reddish  or  pink  pigment.  The  pink 
series  included  only  eggs  which  showed  no  trace  of  a  brown  color. 
Finally  the  "brown-pink"  included  eggs  intermediate  in  color, 
showing  evidence  of  both  the  brown  and  the  red  pigments.  From 
10  to  14  eggs  were  included  in  each  of  these  three  normal  series  and 
numbered  from  1  (the  lightest  egg  in  the  series)  up  to  whatever  the 
number  of  the  final  (darkest)  e^  in  the  series  might  be.  Each  indi- 
vidual egg  in  series  A  was  then  compared  (always  by  the  same  person, 
R.  P.)  with  these  series,  and  recorded.  Discussion  of  these  color 
measurements  is  deferred  for  the  present,  pending  the  collection  of 
further  and  more  adequate  data. 

The  following  is  a  description  of  the  series  of  measurements  which 
furnish  the  chief  data  for  this  paper: 

Series  A. — ^This  consists  of  the  determination  of  the  length, 
breadth,  and  weight,  the  calculated  index  and  bulk,  and  the  color 
of  450  eggs.  These  eggs  were  all  laid  on  the  same  day  (Feb.  12, 190S), 
and  consequently  no  two  eggs  were  laid  by  the  same  hen.  Each  egg 
measured  is  from  a  different  hen.  They  give  the  fundamental  data 
on  inter^ndividual  or  racial  variation  in  Barred  Plymouth  Rock 
eggs.  All  the  eggs  were  from  pullets  of  approximately  the  same  age, 
having  been  hatched  in  April  and  May,  1907.  The  detailed  measure- 
ments for  this  series  are  given  in  Appendix  III,  Table  I. 

Series  B. — ^This  series  contains  the  data  for  introAndividudl 
variations  in  eggs.  It  consists  of  the  measurements  of  the  length 
and  breadth  of  25  eggs  from  each  of  100  birds.  The  measurements 
were  made  during  April  and  May,  1908.  These  eggs  were  likewise 
all  obtained  from  pullets  approximately  1  year  old.  The  eggs  were 
taken  from  those  pullets  which  were  in  the  breeding  pens  and  the 
eggs  measured  before  being  put  into  the  incubators.  No  selection 
with  regard  to  egg  characters  of  the  pullets  in  the  breeding  pens  was 
practiced  in  choosing  the  birds  whose  eggs  were  to  be  measured  in 
this  series.  There  is  no  reason  to  doubt  that  these  100  hens  represent 
a  random  sample  of  the  flock  in  respect  to  egg  characters. 

The  statistical  data  obtained  in  the  manner  described  were  sub- 
jected to  biometrical  analysis.  For  a  description  of  the  technical 
methods  used  in  this  field  of  work  the  reader  is  referred  to  the  original 
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papers  by  Pearson  and  his  associates  in  the  Philosophical  Transac- 
tions of  the  Royal  Society  and  in  Biometrika,*  A  useful  condensed 
account  of  many  of  the  methods  is  given  by  Elderton.* 

Great  care  has  been  exercised  in  performing  the  various  calcula- 
tions. As  many  as  possible  of  the  fundamental  constants  have  been 
worked  twice  independently.  It  is  hoped  that  the  paper  is  as  free  of 
arithmetical  errors  as  is  possible  in  so  extensive  a  piece  ol  work. 

VABIATIOK  OF  THB  BABBEP  PLYMOX7TH  BOCE:  EGG  DT  SIZE  AND 

SHAPE. 

The  fundamental  data  for  this  section  of  the  paper  are  contained 
in  series  A.  It  will  be  recalled  that  this  series  consists  of  the  meas- 
urement of  450  eggs  from  as  many  different  pullets.  During  the 
year  in  which  these  measurements  were  made  there  were  850  pullets 
in  the  houses.  Every  egg  laid  on  February  12,  1908,  with  the  excep- 
tion of  a  few  cracked  ones,  was  used  in  this  series.  Consequently 
these  450  eggs  constitute  a  random  sample  of  the  flock.  The  fre- 
quency distributions  for  size  and  shape  of  eggs  are  found  in  the  corre- 
lation tables  on  pages  191-194.  In  order  to  present  the  variation 
data  in  a  more  compact  form  Table  1  has  been  prepared. 

Tablb  1. — Frequency  distribiUiona  of  variation  in  the  size  and  shape  of  eggs. 


Length. 

Breadth. 

Fhapc  index. 

Bulk. 

Weight. 

Mim- 

meters. 

Fre- 
quency. 

Milli- 
meters. 

Fre- 
quency. 

.  Percent. 

Fro- 
quency. 

Cubic 

oenU- 

meters. 

Fre- 
quency. 

QnunA. 

Fi^ 
quency. 

49.0-49.9 

1 

38.0-38.4 

2 

60.0-60.9 

1 

40.0HW.9 

1 

42.0-42.9 

1 

60.0^.9 

1 

38.5-3a9 

4 

61.0-61.9 

1 

41.0-41.9 

1 

43.0-4S.9 

1 

51.0-51.9 

7 

39.0-39.4 

9 

62.0-62.9 

2 

42.0-42.9 

2 

44.0-44.9 

0 

62.0^2.9 

23 

39.5-39.9 

18 

63.0-63.9 

1 

43.0-13.9 

6 

46.0-46.9 

3 

53.0^.9 

36 

40.0-40.4 

41 

64.0-64.9 

3 

44.0-44.9 

5 

46.0-46.9 

6 

64.0-64.9 

71 

40.6-40.9 

52 

65.0-65.9 

3 

45.0-45.9 

15 

47.0-47.9 

10 

55.0-66.9 

68 

41.0-41.4 

41 

66.0-66.9 

5 

46.0-16.9 

25 

48.0-48.9 

17 

68.0-56.9 

77 

41.6-41.9 

65 

67.0-67.9 

6 

47.0-47.9 

28 

49.0-49.9 

20 

67.(W7.9 

78 

42.0-42.4 

73 

68.0-68.9 

7 

48.0-48.9 

26 

50.0-50.9 

20 

58.0-68.9 

36 

42.6-42.9 

48 

W.  0-69.9 

13 

49.0-49.9 

50 

51.0-51.9 

29 

59.(M».9 

29 

43.0-43.4 

41 

70.0-70.9 

34 

50.0-50.9 

36 

52.0-62.9 

34 

eao-<».9 

10 

43.6-43.9 

26 

71.0-71.9 

27 

51.0-51.9 

47 

63.0-53.9 

42 

61.0-61.9 

4 

44.0-44.4 

16 

72.0-72.9 

46 

52.0-52.9 

43 

64.0-54.9 

42 

62.0-^.9 

3 

44.6-44.9 

7 

73.0-73.9 

41 

63.0-63.9 

35 

55. 0-55. 9 

38 

63.0-63.9 

6 

45.(M6.4 

6 

74.0-74.9 

47 

64.0-64.9 

32 

66.0-66.9 

47 

64.  (MM.  9 

1 

45.5-45.9 

2 

75.0-75.9 

50 

55.0-65.9 

28 

67.0-67.9 

24 

66.0-65.9 

0 

46.0-46.4 

1 

76.0-76.9 

55 

56.0-66.9 

16 

58.0-58.9 

25 

66.0-66.9 
67.0-67.9 

0 

77.0-77.9 
78.0-78.9 
79.0-79.9 
80.0-80.9 
81.0-81.9 
82.0-82.9 
83.0-83.9 
84.0-84.9 
85.0-85.9 

33 

22 

27 

12 

5 

5 

2 

1 

1 

57.0-67.9 
68.0-58.9 
59.0-69.9 
60.O-60.9 
61.0-61.9 
62.0-^2.9 
63.0-63.9 
64.0-64.9 

20 
11 
5 
6 
3 
2 
6 
3 

59.0-59.9 
60.0-60.9 
61.0-61.9 
62.0-62.9 
63.0-63.9 
64.0-64.9 
65.0^.9 
66.0-66.9 
67.0-67.9 
68.0^.9 
69.0-69.9 

21 

19 
18 
13 
1 
5 
3 
4 
2 
3 
2 

1 

'        .             1  

^ 

Total.... 

450 

450 

450 

450 

450 

1  For  detailed  references  see  Part  I  of  this  study,  p.  30. 

I  Elderton,  W.  P.    Frequency  Curres  and  Correlation,  London,  1907,  pp.  xiii  -f-172 


Digitized  by  V3OOQ IC 


178       A  RTITDY  OF  E(;G   PBODrCTIOX  IN   THK   DOMKSTIC   FOWL. 


The  units  of  grouping  of  the  several  measurements  are  as  foHows: 
Length,  1  ram.;  breadth,  0.5  mm,;  index,  1  per  cent;  bulk,  1  c.  c; 
weight,  1  gram.  With  slightly  larger  groupings  the  distributions 
would  be  somewhat  smoother.  For  the  analytical  treatment  (pp. 
183-189)  the  grouping  of  the  index,  bulk,  and  weight  has  been 
doubled,  but  for  present  purposes,  and  for  the  determination  of  the 
correlation  coefficients,  the  smaller  grouping  gives  more  accurate 
results.  The  chief  constants  of  variation  deduced  from  the  above 
distributions  are  given  in  Table  2. 

Tablk  2.  -  -Constants  of  t^ruition  in  sizf.  and  shai^f  of  Barred  Plymouth  Rock  eggs. 


rharat-tw. 


Length mlUimeters 

Breadth do.. 

Index per  cent 

Bulk cii  Wr  centimeters 

Weight grams 


Mean. 


W.322±0.a76 
41.917i  .041 
74.522^  .120 
nl.«SO-L  .Ho 
W.264±  .147 


Btandard  de-      Coeffldent  of 
vlstton.  variation. 


2.386:b0.054 
1.37Si  .031 
Xl>fS<±  .085 
4.2334:  .095 
4.622±  .103 


4.S7d:a005 

3.387i:  .074 
5.053i:  .115 
8.l«0±  .181 
8.364d:  .189 


From  the  above  tables  the  following  points  may  be  noted: 

1.  The  means  for  the  various  characters  may  be  considered  to 
give  close  approximations  to  the  true  values  for  normal  eggs  of  Bar- 
red Plymouth  Rock  pullets.  It  is  of  interest  in  this  connection  to 
compare  the  values  of  Table  2  with  those  given  by  "Willard  and 
Shaw  in  Bulletin  159  of  the  Kansas  Agricultural  Experiment  Station. 
This  bulletin,  while  dealing  chiefly  with  the  chemical  analysis  of 
eggs,  gives,  among  other  things,  the  length  and  breadth  measure- 
ments of  a  series  of  eggs  from  different  breeds  of  poultry.  The 
mean  length  and  breadth  of  Plymouth  Rock  eggs  as  given  on  page 
171  of  the  bulletin  referred  to  are  as  follows: 

Mean  length  =  56. 1 5  mm. 

Mean  breadth  =  41.53  mm. 

These  results  are  based  upon  the  measurement  of  the  eggs  from 
only  6  diflFerent  hens,  and  no  statement  of  the  age  of  these  birds  is 
given.  It  will  be  seen  that  considering  the  small  numbers  involved 
these  results  correspond  very  closely  to  the  values  given  in  Table  2. 

2.  Since  the  means  of  aU  the  characters  tabled  do  not  differ  greatly 
among  themselves  in  absolute  numerical  value,  it  follows  that  the 
absolute  variation,  as  measured  by  the  standard  deviation,  is  very 
nearly  proportional  to  the  relative  variability  as  measured  by  the 
coefficient  of  variation.  Consequently  in  comparing  the  several 
characters  in  respect  to  variability  it  makes  little  difference  which 
measure  one  uses.  On  general  grounds  it  is  better  to  mejisure  varia- 
bility in  proportion  to  the  size  of  the  thing  varying.  Consequently 
the  discussion  which  follows  will  be  chiefly  l)ased  on  the  coefficients 
of  variation. 

3.  The  variation  of  the  egg  in  length  and  breadth,  both  absolutely 
and  relatively,  is  quite  small.     Variabilities  of  only  3  to  8  per  cent 
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indicate  that  the  distributions  are  closely  grouped  about  their  means. 
This  is  evident  from  inspection  of  the  data  of  Table  1. 

4.  The  egg  is  relatively  more  variable  in  length  than  in  breadth. 
From  the  values  given  in  Table  2  it  appears  that  the  difference  be- 
tween the  coefficient  of  variation  for  the  length  and  that  for  the 
breadth  of  the  egg  is  0.957±0.121.*  The  difference  is  thus  approxi- 
mately eight  times  its  probable  error  and  certainly  significant.  This 
result,  that  the  ^g  is  more  variable  in  respect  to  its  length  than  in 
respect  to  its  breadth,  is  only  what  might  be  expected  in  view  of  the 
factors  concerned  in  the  shaping  of  the  egg.  If  a  plastic  body  gen- 
erally oval  in  shape  gets  its  final  definite  form  in  the  lumen  of  a  tube 
it  is  obvious  that  there  will  be  a  greater  opportunity  for  variation  in 
its  longitudinal  dimensions  than  in  any  of  its  lateral  dimensions. 
The  degree  of  diversity  which  can  occur  in  respect  to  lateral  dimen- 
sions, or  breadth  of  the  egg,  is  primarily  conditioned  by  the  degree 
of  tonus  of  the  muscular  layers  of  the  wall  of  the  oviduct.  It  is 
reasonable  to  suppose  that  in  normal,  healthy  birds  this  will  be  a 
relatively  constant  factor. 

As  the  absolute  difference  here  is  small,  a  better  idea  can  be  gained 
of  the  actual  magnitude  of  the  amount  by  which  the  egg  is  more 
variable  in  length  than  in  breadth  by  a  relative  or  percentage  com- 
parison. Taking  coefficients  of  variation  as  the  basis  of  comparison, 
it  appears  that  length  is  more  variable  than  breadth  by  an  amount 
which  is  29.1  per  cent  of  the  variability  of  the  breadth  and  22.6  per 
cent  of  the  variability  of  the  length.  In  other  words,  it  may  be  said 
that  the  egg  is  roughly  a  fourth  more  variable  in  length  than  it  is  in 
breadth. 

5.  The  index  is  considerably  more  variable  than  either  the  length 
or  breadth.  Since  the  index  is  a  mathematical  function  of  the 
length  and  breadth  it  is  possible  to  determine  its  mean  and  standard 
deviation  from  a  knowledge  of  the  means  and  coefficients  of  varia- 
tion of  the  length  and  breadth.     It  was  shown  by  Pearson '  that  for 

'X  Tfif 

indices  of  the  form  2=-*  the  mean  of  2  is  — ^(l+v'j  — ri-v,?;,),  and 

that  the  standard  deviation  of  z  is  —^V^i  +  ^%"" '^^1,3,^1^2,  where  m^ 

and  m^  are  the  means  of  x^  and  x,)  ^1  ^^^  ^2  ^^e  the  coefficients  of 
variation  divided  hy  100,  and  r^^,  denotes  the  coefficient  of  correla- 
tion between  x^  and  Xj.  Substituting  the  proper  values  from  Table  2 
in  these  formulae  and  evaluating,  we  have 

Calculated  mean  index  ==74.548 

Calculated  standard  deviation  of  index  =  3.833 

^  This  probable  error  Is  calculated  by  the  ordinary  formula  for  the  probable  error  of  a  difference. 
*  Pearson,  K.    On  a  Form  of  Bpurlous  Correlation  which  may  arLne  when  Indices  are  used  in  the  Measure- 
ment of  Organs.    Froc.  Roy.  Roo.,  vol.  fiO,  pp.  4«M98, 1807. 
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These  values  each  differ  by  less  than  0.05  from  the  values  determined 
directly  from  the  observations  in  Table  2.  This  difference  is  well 
within  the  probable  error  of  each  constant.  Considering  the  group- 
ing of  the  data,  these  formulie  give  excellent  values,  and  furnish  an 
additional  check  on  the  accuracy  of  the  arithmetic  involved  in  the 
calculation  of  the  constants  of  Table  2. 

6.  The  bulk  and  weight  are  much  more  variable  than  any  of  the 
other  characters  discussed.  The  bulk  appears  to  be  slightly  the  less 
variable  of  the  two,  both  absolutely  and  relatively,  although  the  differ- 
ence between  the  coefficients  of  variation  there  is  only  about  0.2,  and  is 
probably  not  significant.  The  bulk  and  weight  of  the  egg  are  almost 
twice  as  variable  as  the  length  and  more  than  two  and  one-half  times 
as  variable  as  the  breadth. 

It  is  of  interest  to  note  that  the  variability  of  these  egg  characters 
is  of  about  the  same  degree  as  that  exhibited  by  similar  characters 
of  the  human  skull.  Table  3  shows  a  few  coefficients  of  variation  for 
skull  characters. 

Table  3. —  Variation  in  certain  skull  meaturemenfs  in  man. 


Character. 


CoelBctait 


Skull: 

L«i|5th(Eii«IWi)i 

Length  of  base  1 

Greatest  breadth  i 

Least  breadth  of  forehead  ^ 

Ueig^U 

Cross  circumference  > 

Ratio  of  heii^ht  to  greatest  leni^th  * . . . 

Ratio  of  height  to  horizontal  lenf^th  i 

Height  to  breadth  index  i 

Breadth  to  height  Index  1 

Capacity  1 

Brain  weight  (Bavarian)* 


a.  31 

4.07 
S.7f 
4.29 
4.21 
3.10 
3.80 
4.61 
4.85 
4.8S 
8L28 
8wl2 


i  HacdoneU,  W.  R.    Biometrilca,  Vol.  Ill,  p.  222. 

s  Pearl,  R.    Biometrlka,  Vol.  Iv,  p.  30.    The  Bavarian  weights  are  given  here  becauM  thej  ras>rasent 
about  the  avenge  of  several  series  from  different  nationalities. 

From  this  table  it  will  be  noted  that  measurements  of  length, 
breadth,  height,  and  circumference  of  the  skull  are  subject  to  a  varia- 
tion of  the  same  order  of  magnitude  as  egg  length  and  breadth, 
namely,  about  3  and  4  per  cent.  The  skull  indices  exhibit  a  slightly 
smaller  variation  than  those  of  the  egg,  averaging  about  4.5  per  cent. 
This  13  about  0.5  lower  than  the  coefficient  of  variation  for  the  egg 
index.  The  more  important  point  is  that  in  both  cases  the  indices 
are  more  variable  than  the  measurements  upon  which  they  are  based. 
The  difference  between  the  coefficients  of  variation  for  index  and 
length  of  eggs  is  less  than  the  difference  between  the  coefficients  of 
length  and  breadth.  The  actual  differences  with  the  probable  errors 
are: 

C.  V.  of  mdex  -  C.  V.   of  length  «  0.  846±0. 149 
C.  V.  of  length  -  C.  V.  of  breadth  «  0.  857  ±0. 121 
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When  we  consider  measurements  of  weight  and  capacity,  we  find  a 
still  more  marked  increase  in  the  variability  in  both  eggs  and  skulls. 
In  the  case  of  skull  capacity  and  brain  weight  the  coefficient  ranges 
about  8  per  cent.  This  is  practically  the  same  value  as  that  found 
for  ^g  bulk  and  weight. 

This  close  agreement  between  the  egg  of  the  domestic  fowl  and  the 
human  skull  in  respect  to  variation  in  size  and  shape*  is  somewhat 
remarkable.  At  firet  thought  it  might  be  considered  to  be  entirely 
fortuitous,  but  further  consideration  of  the  matter  suggests  the  possi* 
bility  that  this  is  not  the  case;  but  that,  on  the  contrary,  there  is  a  real 
and  definite  analogy  between  the  two  things,  when  considered  from 
the  standpoint  of  developmental  mechanics.  When  we  measure  the 
shape,  size,  and  capacities  of  either  egg  or  skull,  we  are  dealing  with 
bodies  having  at  least  the  following  points  in  common: 

1.  Hollow  structure,  with  hard,  firm  wall.  In  its  development  this 
structure  passes  through  stages  in  which  the  wall  is  to  some  degree 
plastic  and  capable  of  being  molded  into  different  forms. 

2.  Both  are  normally  completely  filled  at  the  time  when  their 
definite  shape  is  being  fixed  with  a  soft,  semifluid  substance  which 
is  increasing  in  volume  either  by  growth  or  by  absorption  of  fluid. 
In  other  words,  in  both  cases  there  is  exerted  on  the  outer  walls 
some  degree  of  pressure  from  within  while  this  wall  is  in  a  plastic  stage. 

3.  In  both  cases  muscular  pressure  is  brought  to  bear  on  the  wall 
from  the  outside  during  the  period  when  it  is  in  a  plastic  condition 
and  while  its  definitive  shape  is  being  fixed.  In  the  one  case  (the 
skull)  this  pressure  is  exerted  by  muscles  (temporal  and  masseter 
muscles  chiefly)  which  have  their  attachment  upon  the  outside 
of  the  wall  itself.  In  the  other  case  (the  egg)  the  external  pressure 
comes  from  the  intrinsic  muscle  layers  of  the  walls  of  the  uterus  or 
"shell  gland." 

The  size  and  shape  of  an  egg  are  determined  by  a  complex  of  what 
may  be  spoken  of  as  intrinsic  and  extrinsic  factors.  On  the  one  hand 
in  ixifluencing  size  we  have  as  a  primary  intrinsic  factor  the  size  of  the 
yolk  (determined  by  the  deposition  of  yolk  before  the  ovum  is 
discharged  from  the  ovary).  On  the  other  hand  as  extrinsic  factors 
may  be  distinguished  (a)  the  amount  of  albumen  secreted,  (h)  the 
tonic  condition  of  the  muscular  walls  of  the  oviduct  in  determining 
the  manner  in  which  the  albumen  shall  be  deposited  about  the  yolk, 
(c)  the  muscular  activity  of  the  walls  of  the  uterus  in  molding  the 
shell  as  it  is  secreted  about  the  albumen  and  its  inclosing  shell 
membrane.  So  far  as  concerns  the  actual  detenmnation  of  the 
size  and  shape  of  the  sheU,  the  secretion  of  albumen  should  be  r^arded 
as   an   intrinsic   factor.     Observations  ^   made  in   this   laboratory 

1  Pearl,  R.,  and  Curtis,  M.  R.    Studies  on  the^  Physiology  of  Reproduction  In  the  Domestio  JFawL 
V.  Data  Regarding  the  Physiology  of  the  Oviduct.    Jour.  Exp.  Zool.,  vol.  12,  pp.  M-132|  1913. 

33294*^— 14 2 
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show  that  after  the  shell  membrane  has  been  secreted  around  the 
albumen  by  the  glands  in  the  isthmus,  the  egg  increases  in  weight 
by  a  considerable  amount.  This  means  that  pressure  is  being 
exerted  upon  the  formed  membrane  from  within.  The  observations 
referred  to  show  further  that  the  increase  in  weight  is  due  to  the 
passage  of  fluids  into  the  egg  by  osmosis.  So  then,  when  the  shell 
is  being  formed  and  is  receiving  its  definite  shape  we  may  think  of 
something  like  the  following  processes  occurring:  On  the  one  hand, 
the  shell  membrane  is  bring  kept  tense  and  in  places  where  it  is  least 
resistant  is  being  bulged  out  by  the  pressure  from  within.  On  the 
other  hand,  the  muscular  walls  of  the  uterus  are  pressing  upon  this 
membrane  and  forming  shell,  from  without,  and  molding  it  into 
the  definite  shape  which  becomes  fixed  as  the  shell  hardens. 

If  we  may  suppose  that  a  set  of  processes  essentiaUy  similar  in 
their  mechanical  action  and  results  to  those  which  have  been  described 
as  determining  the  shape  of  the  egg  are  operative  in  the  determination 
of  the  definitive  form  of  the  skull  we  then  have  a  definite  basis  for 
the  observed  close  similarity  in  variation  of  these  two  structures. 
That  these  two  factors  of  internal  pressure  (from  the  growing  brain) 
and  the  external  molding  action  of  the  temporal  muscles  are  of 
primary  importance  in  the  developmental  mechanics  of  the  skull  is  a 
view  which  has  been  definitely  advocated  by  certaui  anthropologists. 

Thomson  ^  had  this  to  say  in  regard  to  the  matter  {he.  cU.,  p.  682) : 

For  purpoeeB  of  convenience,  it  may  be  well  to  grrnip  the  inflnencm  at  wr>rk  in  tJie 
detennination  of  cianial  form  under  two  heads: 
(a)  Thoee  operative  from  within. 
(6)  Thoee  operative  from  without. 

The  former  includes  mich  factors  as  volume  of  brain,  growth  of  suturee,  and 
ossification  of  bones,  compensation  as  to  balance  of  head,  heredity  and  breeding. 
The  latter  embraces  muscular  influence  dependent  upon  jaw  development  more 
or  less  intimately  related  to  the  size  of  the  teeth  and  consequently  aasociated  with 
diet.  In  this  way  environment  plays  a  part  in  the  modification  of  man*s  cranial 
form  in  the  same  manner  as  it  is  productive  of  the  variety  of  shapes  met  witli  in  other 
types. 

Thomson  demonstrates  by  means  of  models  how  the  primarj^ 
factors  of  internal  pressure  and  muscular  action  operate  to  influence 
the  form  of  the  skull. 

To  summarize  this  discussion,  it  may  be  said  that  in  the  first  place 
it  is  a  fact  that  in  respect  to  the  variability  of  their  chief  dimensions — 
length,  breadth,  length-breadth  index,  capacity,  and  weight  of 
contents — the  ^g  of  the  domestic  fowl  and  the  human  skull  show 
a  very  close  similarity.* 

1  Thomson,  A.  Cranial  Form  in  Man,  together  with  some  Renmrks  on  the  Att<tiideof  the  Profession 
toward  Anthropology.    Medical  Record,  vol.  3,  pp.  661*687, 1903. 

*  The  human  skull  is  taken  for  illustration  In  this  discussion  simply  because  it  has  be«n  more  thoroughly 
studied  from  a  blometrlo  standpoint  than  the  skuU  of  any  other  higher  vertebrate.  The  work  of  Hatal 
(Amer.  Jour.  Anat.,  vol.  VIII,  p.  432)  on  the  skull  of  the  white  rat  indicates  that  the  genera]  features 
regarding  variation  and  coirelation  in  skull  chareeten  are  probably  similar  in  all  of  the  mammals. 
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A  consideration  of  the  processes  concerned  in  the  production  of  the 
definitive  size  and  shape  of  both  of  these  structures  suggests,  though 
it  does  not  prove,  that  this  similarity  with  reference  to  variation 
constants  is  not  fortuitous  but  rests  upon  a  basis  of  general  similarity 
in  regard  to  mechanical  factors  operative  in  both  cases  during  the 
development  and  fixation  of  the  final  form. 

NATUBS  OF  THE  FBEQXTBNCY  DISTBIBXJTIONS. 

Having  presented  the  general  facts  regarding  variation  in  egg 
size  and  shape  we  may  next  turn  to  the  analytical  discussion  of  these 
frequency  distributions.  In  the  mathematical  analysis  the  methods 
of  Pearson  have  been  used.  A  detailed  analysis  has  been  carried  out 
and  fitted  curves  obtained  for  the  distributions  of  length,  breadth, 
index,  bulk,  and  weight  of  the  450  eggs  of  series  A.  Both  for  con- 
venience hi  calculation  and  to  secure  somewhat  smoother  distri- 
butions>  the  data  with  regard  to  index,  bulk,  and  weight  were  grouped 
in  larger  units  than  in  Table  1.  Table  4  gives  the  distributions  as 
they  were  used  for  purposes  of  graduation. 

Table  4. — Frequenq/  distributions  used  in  the  analytical  discussion, 
[Datarroin8<>ries  A.) 


liength.t 

Hreadth.i 

Index. 

Hulk. 

Weight. 

Mffli- 

Fre- 

Mim- 

Fre- 

Per 

Fre- 

Cubic 
centi- 
meters. 

Fre- 

Oram:*. 

Fre- 

m«t«rs. 

quency. 

meters. 

quency. 

cent. 

quency. 
2 

quency. 

quency. 

49.5 

I 

38.25 

2 

61.0 

41.0 

2 

42.0 

I 

50,5 

1 

38.75 

4 

63.0 

3 

43.0 

8 

44.0 

1 

61.5 

7 

39.25 

9 

66.0 

6 

45.0 

20 

46.0 

9 

53.5 

22 

39.76 

18 

67.0 

11 

47.0 

53 

48.0 

27 

53.5 

36 

40.25 

41 

69.0 

20 

49.0 

76 

5ao 

40 

54.5 

71 

40.75 

52 

71.0 

61 

51.0 

83 

52.0 

63 

55.5 

68 

41.25 

41 

73.0 

87 

63.0 

78 

64.0 

84 

5S.5 

77 

41.75 

65 

75.0 

97 

55.0 

60 

56.0 

85 

57.5 

78 

42.25 

73 

77.0 

88 

57.0 

36 

58.0 

49 

58.5 

35 

42.75 

48 

79.0 

49 

59.0 

16 

6ao 

40 

59.5 

29 

43.35 

41 

81.0 

17 

61.0 

8 

62.0 

31 

60.5 

10 

43.75 

26 

83.0 

7 

63.0 

7 

64.0 

6 

61.5 

4 

44.25 

15 

85.0 

2 

65.0 

3 

66.0 

7 

63.5 
63.5 
64.5 
65.5 
66.5 
67.5 

3 
6 

1 
0 
0 

1 

44.75 
45.25 
45.75 
46.25 

7 
6 
2 

1 

68.0 
70.0 

5 
2 

1 

1 

j 

1 

1 

<  The  distributions  for  length  and  breadth  are  the  same  as  in  Table  1.    They  are  repeated  here  for  con* 
venienoe. 

The  units  of  grouping  for  the  various  characters  are  as  follows: 
Length,  1  mm.;  breadth,  0.5  mm.;  index,  2  per  cent;  bulk,  2  c.  c; 
weight,  2  grams.  In  Table  5  are  set  forth  the  analytical  constants 
for  the  distributions  of  Table  4.  The  moments  are  given  in  terms 
of  the  units  of  grouping  stated  above.  The  values  for  the  mean, 
mode,  standard  deviation,  and  y^  are  in  terms  of  the  units  of  meas- 
urements. 
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Tabls  5. — Awdytieal  eon$UmU  of  voriation  in  egg  9ue  and  fhupe, 

[DatefromScrtfliA.] 


Constant. 

Length. 

Breadth. 

Index. 

Bulk. 

Wei^t. 

Mean 

Mm. 

56.3222 

2.3862 

4.2367 

+    5.0940 

+    8.3979 

+141.7823 

0.3820 

4.3732 

a  6181 

+    1.3732 

+    1.6002 

+    ai9B5 

+    a2155 

+    a  5142 

55.8060 

rv 

+00 

— oo 
20.345 

Mm, 

41.9167 

1.3777 

3.2868 

+    7.5022 

+    2.7141 

+166.1906 

a  0168 

2.8833 

ai397 

-  a  116843 

-  a2842 
"    a0446 

Peretnt. 

174.5556 

13.7503 

15.0902 

+  3.5103 

+  2.0340 

+46.4494 

a  1585 

8.7561 

a  3981 

+  a  7561 

+  1.0867 

+  0.1190 

-  a  1533 

-0.5713 

+00 
—CO 

41.887 

C.e. 

151.8400 

14.3438 

18.1964 

+  4.5025 

+  8.6878 

+64.8049 

a  1490 

8.1967 

a3860 

+  a  1967 

-  a0536 

-2.1686 

+  a  1964 

+  a8385 

51.0065 

300L6816 
32.0809 
00.472 

(Trviw. 
155.3400 

Btendard  deviation 

14.8983 

Coefficient  o(  yariatkm 

18.3133 

f^, 

+  5.2733 

+  4.2770 

+90.1964 

0.1249 

JU.. ........ 

S..:. :::..::::;:. ::::::::::::::::::::::::::: 

A 

3.3448 

"a. 

0  3533 

A-3............::.:.:.::::::::::::;: :  :: 

+a3448 
+0.1151 
+a8388 

Q.......  ........................... ..    ... 

Rk*wn«» 

+0.1704 

Mmlal  if  iyenrnwt 

+0.7835 

lKde..T!          . 

54.4575 

Tme  of  carve 

II 

51.5951 
32.2383 
64.157 

V 

+  end  of  carve 

—  end  of  curve 

2.8514 

V« 

1 

'                                                                 1 

>  These  values  lor  the  mean,  standard  deviation,  and  coefficient  of  variation  for  the  index,  bulk,  and 
weight  were  caknilated  from  uie  distributions  In  Table  4.  Since  the  units  of  grouping  In  this  case  are 
twice  as  large  as  for  the  same  characters  In  Table  1,  the  values  differ  sllghtlv  from  those  previously  wlt^mL 
The  differences,  however,  are  Insignificant  In  comparison  with  their  probable  errors  as  given  In  Table  2. 

>  In  Type  V  corves  yt  very  often  has  a  very  large  value.   In  thto  case  the  logarithm  of  rt*347.60960. 

The  first  thing  that  ia  noted  from  this  table  is  that  there  is  no 
uniformity  in  regard  to  the  type  of  curve  demanded  by  the  several 
characters  under  discussion.  The  criterion  (/Cj  =2^, — Z^^  —  6)  is  nega- 
tive in  only  two  cases,  viz,  the  breadth  and  bulk.  This  is  the  con- 
dition for  either  a  Type  I  or  a  Type  II  curve.  In  regard  to  the 
breadth  ^^  does  not  differ  significantly  from  zero,  and  hence  the 
curve  is  symmetrical.  It  is  accordingly  fitted  with  a  Type  II  curve. 
In  the  bulk  distribution,  however,  ^^  is  significantly  greater  than 
zero  and  hence  demands  a  curve  of  Type  I. 

In  the  other  distributions  k^  is  positive.  This  suggests  that  the 
distributions  belong  to  Pearson's  Type  IV  curve,  but  in  order  to 
determine  this  it  is  necessary  to  know  in  addition  the  value  of 


t^^ 


A(^»  +  3)» 


To  fulfill  the  condition  of  a  Type  IV  curve  the  value  of  /c,  must 
be  >0  and  <1.  Strictly  speaking  this  is  true  for  all  three  of  the 
remaining  distributions  and  accordingly  they  could  be  fitted  with 
Type  ly.  This  has  been  done  in  the  case  of  the  length  and  index. 
In  regard  to  the  weight,  however,  the  value  of  /c,  ( =  +0.84)  so  nearly 
approaches  unity  that  having  regard  to  the  probable  errors  of  the 
j9's  it  may  be  looked  upon  as  not  significantly  <1.  We  shall  thus 
very  likely  get  a  better  fit  by  using  the  transition  curve  of  Type  V. 

The  equations  of  the  theoretical  curves  are  as  follows: 

Length: 


26.2446 


r  "^(,6.8278/) 


.  ^'SSii  tan  ~V**t27S 
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Breadth: 


13t.l7S7 


Index: 


^^•^^' .^-ft4M  tan  '^xf^Wl 

^218.8173^ 


Bulk: 


<^         \19.8S93/  ^  \308.4977 

Weight:* 

Log  y  =  247.6695969  + 133.1410  log  (i)  +  Ii92.1386i 

The  histograms  and  their  fitted  curves  are  given  in  figures  1-5.  It 
is  evident  that  the  graduations  are  as  good  as  could  be  expected  for 
the  distributions. 

From  Tables  4  and  6  and  figures  1-5  we  note  the  following  points: 

1.  The  skewness  is  positive  for  all  characters  except  the  index. 
In  each  case  the  value  of  the  constant  is  numerically  small,  but  with 
the  exception  of  the  breadth  it  is  significant.  The  probable  error  of 
the  skewness  on  the  assumption  that  the  distribution  follows  the 
normal  curve  of  errors  is  given  by  the  formula 

P.  ^,.*- 0.67449.^^ 

In  these  distributions  N  is  450  and  we  have 

P.  -E:.,t«±  0.0389, 
for  all  distributions. 

The  skewness  of  the  breadth  distribution  is  less  than  twice  the 
probable  error  and  consequently  the  distribution  does  not  deviate 
sensibly  from  the  normal  curve.  Of  the  remaining  distributions  the 
skewness  for  the  index  is  the  smallest.  This,  however,  is  more  than 
five  times  the  probable  error,  and  the  distribution  is  certainly  signifi- 
cantly asymmetrical.  The  length  distribution  shows  the  greatest 
skewness  and  the  breadth  the  smallest. 

2.  The  distance  from  the  mean  to  the  mode  {d=^SJc.a)  is  again 
significant  in  all  distributions  except  that  for  the  breadth.  For 
the  normal  distribution  the  probable  error  of  d=^P,  E.  shXa.  For 
this  breadth  distribution  it  is  equal  to  ±0.150.  The  values  of  d  for 
the  bulk  and  weight  distributions  approach  each  other  rather  closely 
and  are  the  lai^est  of  the  five  values. 

>  For  obTious  waiioiM  this  oorve  is  pat  in  fhe  tegarlthinie  flomi.   The  eqoation  to  a  cure  of  Type  V  is 
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Fio.  l.~Histogrun  aod  fitted  cam  for  variation  of  eggs  in  length. 
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Fig.  2.~Histograjn  and  fitted  curve  for  variation  of  eg^i  In  breadth. 
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3.  The  kurtosis  (i?^/?,— 3)  is  positive  or  greater  than  zero  in  all 
the  distributions  except  that  for  the  breadth*    Since  the 

the  kurtosis  of  the  breadth,  bulk,  and  weight  does  not  differ  signifi-* 
cantiy  from  zero.  These  curves  are  thus  mesokurtic.  Prom  the 
graphs  (figs.  1-5)  it  is  evident  that  the  curves  for  bulk  and  weight  are 
rather  more  peaked  than  the  mesokurtic  condition.  On  the  other 
hand  the  kurtosis  of  the  curves  for  length  and  index  is  significantly 


^  e7  T3  79  SS 

FiQ.  .3.— Histognun  Aod  fitted  curve  for  variation  of  egga  in  shape,  &<s  measured  by  length-breadth  index. 

positive,  thus  indicating  a  leptokurtic  or  peaked  curve.     This  is  shown 
in  figures  1  and  3. 

4.  In  only  three  cases  are  the  theoretical  curves  of  limited  range. 
In  the  curve  for  variation  in  breadth  the  estimation  of  both  ends  of 
the  range  is  very  good.  This  is  seen  if  the  values^pven  for  the  range 
ends  are  cx)mpared  with  the  observed  measurements  of  extremel}- 
large  and  small  eggs.  In  the  direction  of  large  size  the  cases  of 
triple-yolked  eggs  are  to  be  considered.  The  measurements  given  by 
Akers  '  for  such  a  specimen  lead  to  a  breadth  of  about  52  mm.  Small 
e^s  with  a  diameter  of  30-35  mm.  are  not  uncommonly  found.     In 

1  Akers,  L.  C.    A  Three-yoUced  Kgg.    Farm  Poultry,  vol.  16,  p.  &58, 1906. 
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the  case  of  the  curve  for  variation  in  bulk  the  lower  range  end  is  a  very 
fair  estimation.  The  upper  range,  however,  is  considerably  over- 
estimated. A  volume  of  260  c.  c.  would  certainly  mean  an  exception- 
ally lai^e  egg,  and  perhaps  a  physically  impossible  value.  A  triple- 
yolked  ^g  studied  in  this  laboratory  had  a  volume  of  79.1  c.  c* 
From  the  weight  of  Akers'  specimen  (4^  oz.  =  127.6  gms.)  we  would  esti- 
mate the  bulk  to  be  about  120  c.  c,  on  the  basis  of  correlation  data 
discussed  farther  on  in  this  bulletin.  Since  this  value  seems  to 
approach  the  limit  of  observed  eggs,  it  is  hardly  likely  that  an  e^ 


^  ^^  S3  S9  es 

£t?G  aoijr fiiX.OtlE'J  /AT  COff/C  C£A/77Af£71E/^S, 

TiQ.  4.— Histogram  and  fitted  curve  for  variation  of  eggs  in  bulk. 

with  a  volume  of  over  200  c.  c.  would  be  found  among  hen's  egga.  In 
this  connection  it  must  be  noted  that  the  frequency  above  say  70  c.  c. 
is  very  small  and  practically  negligible.  Thus  the  expected  absolute 
frequency  of  eggs  with  a  hvSk  of  80  c.  c.  is,  according  to  the  theoretical 
curve,  0.000118,  or  the  expectation  is  that  one  would  get  3  such  eggs 
out  of  every  10,000,000  examined.  The  expectation  of  getting  ^gs 
with  a  bulk  of  100  c.  c.  is  about  6  in  every  100,000,000,000,000. 
These  two  values  taken  as  examples  roughly  correspond  to  the  average 
bulks  for  double  and  triple-yolked  e^s  respectively.  It  is  evident 
that  the  theoretical  curve  tmderestimates  the  frequency  of  such  eggs. 

>  Pearl,  B.    A  Tilple-yolked  Egg.    Zool.  Anz.  Bd.  XXXV,  pp.  417-432, 1910. 
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Yalendennes  ^  stated  that  marketmen  in  Paris  find  about  3  double- 
yolked  eggs  in  every  14,000,000  eggs  handled.  Market  data  on  such 
a  question,  however,  can  not  be  a  very  reliable  indication  of  the 
actual  frequency  with  which  double-yolked  eggs  occur,  for  most 
double-yolked  eggs  are  never  sent  to  market.  It  is  more  likely  that 
the  actual  frequency  of  double-yolked  eggs  is  nearer  1  to  every  6,000 
or  6,000  eggs  laid.  In  any  event  it  is  evident  from  the  preceding 
discussion  that  variation  in  the  bulk  of  double-yolked  eggs  must 
follow  some  other  law  than  that  which  describes  the  variation  of 
normal  eggs  in  respect  to  the  characters. 

The  theoretical  curve  for  variation  in  weight  is  of  Type  V,  which 
is  a  curve  limited  in  one  direction  only.    In  this  case  we  have  the 


so  39 

Fio.  5.— Histogram  and  fitted  oture  for  varifttion  of  eggs  in  weight. 

lower  range  limit  at  2.85  grams.  This  clearly  tinderestimates  the 
weight  of  the  smallest  of  normal  eggs,  our  lowest  observed  value 
being  42  grams.  However,  here  again  the  expected  frequency  below 
40  is  practically  negligible.  The  expectation  at  40  grams  is  less  than 
0.5  of  an  egg  per  1,000.  The  upper  range  is  unlimited,  but  it  is 
evident  from  the  graph  of  the  theoretical  ciUT'e  (fig.  5)  that  it  makes 
considerable  allowance  for  eggs  heavier  than  any  observed.  Thus 
the  cTUT'e  passes  70  grams,  the  highest  observed  value,  with  a 
frequency  of  about  2.6  eggs  per  1,000. 

1  Valenciennes.   Note  snr  lea  oeufs  k  plusieors  Jaunes  oontenus  dans  la  mdme  ooqoe.    C.  R.,  Ac.  Sci. 
fari8,T.42,pp.3-6,1856. 
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THE  OOBBBLATION  OF  THB  BABBBD  PLYHOUTH  BOCK  BOO  IN 
BB8PBGT  TO  8IZB  AND  8HAPB  0HABAGTBB8. 

Having  considered  the  variation  of  eggs  in  the  size  and  shape 
characters  taken  singly,  we  may  next  turn  to  the  problem  of  correla- 
tion in  the  variation  of  these  characters.  The  size  of  an  egg  is 
primarily  determined  by  a  set  of  physiological  processes  entirely 
different  from  those  which  fix  its  shape.  On  this  account  it  is  of 
considerable  theoretical  interest  to  know  the  degree  of  correlation 
which  exists  between  the  shape  and  the  size  of  eggs.  Do  eggs  of  a 
certain  shape  always  have  a  larger  volume  than  eggs  of  another  shape  t 

It  is  also  of  importance,  both  theoretically  and  practically,  to  know 
the  relation  between  the  bulk  and  weight  and  the  two  diameters  of 
eggs.  Is  au  exceptionally  long  egg  likely  to  have  an  exceptionally 
laige  volimie  ?  WiJl  one  be  more  likely  to  get  an  exceptionally  laige, 
heavy  egg  if  he  selects  long  eggs  than  if  he  selects  broad  eggs? 

From  the  standpoint  of  caiusal  morphology  (Entwicklungs- 
mechanik)  the  comparison  between  the  correlations  found  in  the 
size  and  shape  characters  of  eggs  and  those  and  similar  characters 
in  the  vertebrate  skull  is  of  much  interest.  These  considerations 
apply  with  reference  to  the  length  and  breadth  dimensions  of  the 
©gg-  K>  ^  ^^8  J^®®'^  previously  proposed,*  the  chief  factor  in  deter- 
mining the  shape  of  an  egg  is  the  contraction  of  the  uterine  muscles, 
we  could  scarcely  expect  a  high  degree  of  correlation  between  length 
and  breadth.  If  such  should  be  found  it  would  indicate  a  greater 
degree  of  coordination  of  muscular  contractions  in  such  an  oigan 
than  has  hitherto  been  supposed  to  exist. 

The  data  used  in  this  section  are  those  contained  in  Series  A. 
This  consists  of  the  measiu'ements  of  450  eggs.  As  in  the  previous 
section,  five  characters  are  dealt  with  here.  These  are  length, 
breadth,  index,  bulk,  and  weight.  Arranging  these  in  all  pos^ble 
pairs,  wo  get  10  combinations.  It  is  thus  necessary  to  obtain  10 
coefficients  of  correlations.  Two  of  these  correlations  (namely,  index 
with  length  and  with  breadth)  will  be  obtained  by  means  of  formulae. 
For  the  other  eight  correlations,  it  is  necessary  to  form  the  usual 
correlation  tables.  These  are  shown  below  in  Tables  6  to  1 4,  inclusive. 
The  units  of  grouping  used  in  these  tables  are  the  same  as  those 
employed  in  calculating  the  variation  constants  (p.  1 78). 

1  Fearl,  K.    Jour.  Exp.  Zool.,  vol.  G,  pp.  339-359.  1<K)9. 


Digitized  by  VjOOQIC 


PHYSICAL  CHARACTERS  OF  THE  EGG. 

» 

Table  (». — Showing  the  correlation  of  egg  length  ami  egg  breadth. 


191 


Egg  breadth,  in  millimeters. 

-* 
n 

i 

■* 
^ 

t 

t 

5 

9 

i 

4 

■* 

1 

!« 

^ 

^ 

3 

(  4Q.O-49.9 

1 

I 

50.0^)0.9 
51.0-51.9 
52.0-52.9 
53.0-53.9 
54.0-54.9 
55.0-55.9 
56.0-56.9 
57.0-57.9 
58.0-58.9 
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Table  7. — Showing  the  correlation  between  egg  length  and  egg  weight. 


Egg  weight,  in  grams. 


49.0-49.9 
50.0-50.9 
51.0-51.9 
52.0-52.9 
53.0-53.9 
51.0-54.9 
55.0-.55.9 
56.0-56.9 
57.0-57.9 
58.0-58.9 
59.0-59.9 
60.0-60.9 
61.0-61.9 
62.0-62.9 
63.0-63.9 
64.0-64.9 
65.0-65.9 
66.0-^.9 
67.0-67.9 


1 

2 

1   2 

1 


1 

1 

7 

22 

86 

71 

68 

77 

78 

35 

29 

10 

4 

3 

6 

1 

0 

0 

1 


Total... 


110 


10 


17  20 


20  29  34 


42 


47 


24  25  211  19 


18 


13 


4   2 


3  2   450 


Digitized  by  VjOOQIC 


192       A  STUDY  OP  EGO  PEODXJCTION  IN  *HE  DOMESTIC  FOWL. 
Table  8. — Showing  the  correlation  between  egg  length  and  egg  bulk. 


Egg  length,  in  mllUmetora. 
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Table  9. — Showing  the  correlation  between  egg  breadth  and  egg  weight. 
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Tablb  10. — Showing  the  correlation  between  egg  breadth  and  egg  bulk. 
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Table  11. — Showing  the  correlation  between  egg  index  and  egg  weight. 
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Table  12. — Showing  the  correlation  of  egg  index  and  egg  bulk. 
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Table  V.^. -Showing  the  correlation  between  egg  weight  and  egg  buih. 


Egg  weight,  in  grams. 
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In  Table  14  are  exhibited  the  coefficients  of  correlation  deduced 
from  Tables  6  to  13,  together  with  their  probable  errors.  The  cor- 
relation coefficients  were  determined  according  to  the  usual  Bravais 
formula, 

,    S(xy) 

when  z  and  y  are  the  deviation  from  the  means,  and  <7|  and  <t,  are  the 
standard  deviations  of  the  two  variables. 

Table  14. — Coefficients  of  correlation.    Egg  site  and  shape.    Series  A . 


Charactore. 

Coefficient  of 
correlation. 

Characters. 

Coefficient  of 
correlation. 

Length  and  breadth 

+O.0837±.O316 
+0. 0851  db.  0316 
-f0.1005±.O315 
-fO.  5751  ±.0212 

Length  and  weMit. 

+0. 5797  db.  0211 

Indf^x  and  weight ...  . . 

Breadth  and  weight    .      ... 

+0.8357i:.0096 

Tnd4^x  and  hnik 

Breadth  and  bull 

+O.80O2db.OO83 

T^fi^  nnd  hnXk.  , , 

Weight  and  bulk 

+0.98044-.  0012 

From  Table  14  and  the  accompanying  Tables  6-13,  inclusive,  the 
following  points  may  be  noted: 

1.  In  every  case  the  correlation  is  positive. 

2.  In  Table  14  the  coefficients  of  correlation  are  arranged  in  the 
order  of  their  magnitude,  beginning  with  the  lowest  and  ending  with 
the  highest  coefficient.  Under  this  arrangement  it  is  seen  that  the 
first  three  coefficients  show  very  low  values  and  are  barely,  if  at  all, 
significant.  The  next  two  show  moderately  high  values,  while  the 
last  three  are  exceptionally  high. 

3.  In  the  case  of  the  correlation  between  length  and  breadth,  the 
coefficient  is  considerably  less  tlian  three  times  its  probable  error.  It 
Is  thus  clear  that  there  is  very  little  if  any  correlation  between  variation 
in  the  length  and  the  breadth  of  an  egg.  It  seems  most  probable  that 
the  shape  of  an  egg  is  deternxined  by  the  molding  influence  of  the 
longitudinal  and  circular  muscles  of  the  uterine  wall.  If  tlie  circular 
muscles  contract  more  strongly  than  the  longitudinal  we  shaU  get  a 
relatively  long  and  narrow  egg.  On  tlie  otlier  hand  a  reduced  tonus 
of  the  circular  muscle  layer,  with  relatively  strong  contractions  of 
the  longitudinal  layer,  will  mean  the  production  of  a  short,  round 
egg.  The  absence  of  correlation  between  length  and  breadth  of  the 
egg  indicates  that  these  two  sets  of  muscles  are  to  a  large  degree 
independent  in  their  action. 

4.  The  next  two  coefficients,  index  and  weight  and  index  and  bulk, 
may  be  considered  together.  These  two  coefficients  do  not  differ 
greatly  from  each  other.  The  difference  is  certainly  not  significant 
in  comparison  with  its  probable  error  (difference =0.0164 ±0.0446). 
The  probable  error  is  several  times  the  difference.     Further,  neither 
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of  these  coefficients  taken  by  itself  can  be  considered  as  certainly 
significant.  The  coefficient  for  index  and  bulk  is  a  Kttle  more  than 
three  times  its  probable  error,  while  that  for  index  and  weight  is 
slightly  less  than  three  times  its  probable  error.  However,  from  the 
fact  that  these  two  correlations  in  which  index  enters  are  both 
positive  and  of  about  the  same  value  and  these  values  approximately 
three  times  their  probable  errors,  it  can  not  safely  be  positively  con- 
cluded that  there  is  no  correlation  between  the  shape  of  an  egg  and 
its  weight.  The  residts,  in  fact,  are  not  entirely  conclusive.  They 
appear  to  indicate  that  there  is  a  slight  correlation  between  the  shape 
of  an  egg  as  measured  by  the  length-breadth  index  and  its  bulk  or 
weight.  Thus  a  broad,  short  egg  is  on  the  average  slightly  more 
likely  to  have  a  larger  proportionate  capacity  than  a  narrow,  long  egg. 

5.  Taking  the  next  two  correlations  together  (viz,  length  with  bulk 
and  length  with  weight),  there  is  no  question  as  to  the  significance  of 
the  coefficients.  It  is  to  be  noted  that  these  two  coefficients,  in 
which  the  length  is  correlated  with  the  two  measures  of  capacity, 
have  approximately  the  same  value.  The  difference  between  them 
is  entirely  insignificant. 

6.  The  next  two  correlations  are  breadth  with  weight  and  breadth 
with  bulk.  These  coefficients  have  exceptionally  high  values. 
Again  it  will  be  noted  that  the  correlation  of  breadth  with  the  two 
measures  of  capacity  has  about  the  same  value  in  each  case.  The 
difference  here,  while  greater  than  that  mentioned  in  paragraph  5, 
is  still  not  to  be  regarded  as  certainly  significant.  It  is  0.0245  ±  0.0127. 
The  results  clearly  show  that  inter-raciaUy  both  egg  length  and  ^g 
breadth  are  highly  correlated  with  the  volume  and  weight.  Of  the 
two  linear  dimensions  the  breadth  is  distinctly  more  highly  corre- 
lated with  bulk  characters  than  the  length,  lliat  this  difference  is 
significant  may  be  shown  by  taking  the  difference  between  the  highest 
coefficient  in  which  the  length  enters  and  the  lowest  one  in  whioii 
the  breadth  is  concerned.  This  difference  with  its  probable  error  is 
0.8367 -0.5797  =  0.2560  ±0.0232.  The  difference  is  more  than  10 
times  its  probable  error.    As  to  the  measure  of  capacity,  it  plainly 

•makes  little  difference  whether  one  uses  the  calculated  volume  in 
cubic  centimeters  or  the  actual  weight  in  grams. 

7.  Turning  finally  to  the  correlation  between  weight  and  bulk,  the 
very  high  coefficient  of  +0.9804  is  noted.  The  significance  of  this  is 
that  the  formula  which  has  been  used  throughout  for  calculating  the 
bulk  gives  excellent  results.  This  is  rather  remarkable  when  it  is 
remembered  that  in  calculating  the  bulk  the  egg  is  regarded  as  a 
perfect  prolate  spheroid,  which,  of  course,  it  never  actually  is.  The 
correlation  between  this  measure  of  capacity  and  the  actually  deter- 
mined weight  is  almost  perfect.  In  fact,  the  greater  part  of  the 
difference  between  the  determined  coefficient  of  +0.9804  and  that 
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for  absolutely  perfect  correlation  +1.0000  may  be  regarded  as  due 
to  experimental  errors  either  in  the  weighing  or  in  calculating  the 
bulk  with  only  two  decimal  places  in  the  observed  length  and  breadth. 
It  is  perfectly  clear  that  the  calculated  bulk  is  a  very  excf^ent 
rdoitive  measure  of  the  volimxe  of  an  qgg.  It  is  another  question  as 
to  how  closely  this  measure  approximates  the  absolute  volume.  It  is 
clear  that  if  the  calculated  bulk  is  a  good  absolute  measure  of  the 
volume  the  specific  gravity  calculated  from  the  mean  weight  and 
mean  bulk  ought  to  equal  the  actually  observed  mean  specific  gravity 
of  eggs,  since — 

Q      '{{  •*  We^ht  in  grams 

p       cgra     y ""  Volume  in  cubic  centimetira 

Substituting  the  means  for  weight  and  bulk  given  in  Table  2,  we 
have — 

Specific  gravity  «  gpggQ  « 1 .  0652 

The  aven^ge  specific  gravity  of  fresh  hen's  eggs  as  determined  by 
Wheeler  at  the  New  York  Agricultural  Experiment  Station  *  was 
1.090. 

Since  there  is  a  considerable  discrepancy  here,  it  was  thought 
advisable  to  make  a  series  of  determinations  of  the  specific  gravity  of 
eggs  from  the  same  strain  that  furnished  the  material  of  Series  A  of 
tins  buUetLQ.  This  was  done,  with  the  results  shown  in  Tables  15 
and  16.  Table  15  gives  the  frequency  distribution  for  variation  in 
the  specific  gravity  of  61  Barred  Plymouth  Rock  eggs.  Each  one  of 
these  ^gs  was  laid  by  a  different  bird.  The  determinations  were 
made  within  a  few  hours  of  the  time  of  laying. 

Table  15. — Frequtney  distribution  for  the  variation  in  the  specific  gravity  of  fresh  eggs, 
[Data  from  Barred  Plymouth  Rodn.] 


Specific  gravity. 

Frequency. 

Specific  gravity. 

Frequency. 

1.075-1.079        

4 

6 

19 

'    26 

1.095-1.009 

4 
3 

1.080-1.084 

1.100-1.104 

1  065-1  060 

Total 

1.000-1.004 

51 

The  chief  variation  constants  for  this  distribution  are  shown  in 
Table  16. 

Table  16. — ConstarUsfor  variaiion  of  eggs  in  specific  gravity. 


Constant. 

Value. 

Mean 

1.0898:fea0005 

Btandani  Af^vlatJfm                                                                                

.0064±  .0008 

Coalfldflnt  of  variation.....  ,.      .. .  .....  .....  

.489 

>  New  Yoric  Agr.  Exp.  Sta.,  Seventh  Ann.  Bept.,  p.  57, 1880. 
33294^—14 3 
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From  these  tables  we  note: 

1.  There  is  an  extremely  small  degree  of  variation  in  respect  to 
specific  gravity  among  different  ^gs  of  an  approximately  equal 
freshness. 

2.  The  mean  value  for  the  specific  gravity  of  the  egg  obtained  in 
this  series  of  observations  differs  by  only  0.0002  from  that  found 
by  Wheeler. 

3.  The  difference  between  the  observed  mean  specific  gravity  of 
the  e^  and  that  determined  from  the  calculated  bulk  and  the  weight 
is  0.0246.  This  difference  is  approximately  50  times  the  probable 
error  of  the  observed  mean. 

It  is  plain  that  the  calculated  bulk  on  the  average  somewhat  over- 
estimates the  absolute  volume  of  the  egg.  Since  both  the  mean 
weight  and  the  mean  specific  gravity  have  been  directly  determined 
from  the  ^gs,  with  small  probable  errors,  it  is  possible  to  make  a 
rather  close  determination  of  the  average  amount  by  which  the  bulk 
formula  as  here  used  overestimates  the  true  volume  of  the  ^g.  We 
have 

Mean  volume  = .   '^  =  60.710 

The  mean  bulk  determined  from  the  frequency  distribution  is 
61 .880.  It  is  then  seen  that  on  the  average  the  calculated  bulk  over- 
estimates the  volume  of  the  ^g  by  1 .170  cubic  centimeters.  In  other 
words,  by  assuming  the  egg  to  be  a  perfect  prolate  spheroid  an  aven^ 
error  of  about  2.2  per  cent  is  made  in  the  calculation  of  the  volume 
of  the  egg.  This  error  is  in  excess.  Evidently,  then,  the  formula  for 
bulk  used  in  this  paper  not  only  gives  an  excellent  relative  measure 
of  the  volume  of  the  egg,  but  also  makes  a  fair  absolute  determination 
of  this  quantity,  certainly  sufficiently  accurate  for  all  practical 
purposes. 

If  still  greater  accuracy  is  desired  it  may  be  obtained  by  applying 
a  correction  factor,  based  on  the  calculated  bulk.  The  determination 
of  the  volume  of  the  egg  would  then  take  this  form: 

Approximate  volume  of  egg  ={4.1888   (i  breadth)*  X  (J  length)}  — 
0.022(4.1888  (i  breadth)*  X  (i  length)} 

INDEX  COBBELATIOXS. 

Before  Altering  on  the  general  discussion  of  the  results  of  this 
section  it  is  necessary  to  consider  the  two  coefficients  measuring  the 
correlation  of  index  with  length  and  index  with  breadth,  respectively. 
It  was  stated  earlier  that  these  index  correlations  would  be  calculated 


Digitized  by  V3OOQ IC 


PHTSIOAL  OHARiLCTBBS  OF  THE  £00.  199 

by  formul8B.    Pearson  *  has  shown  that  if  we  have  two  indices  ~* 
and  ^  the  gross  correlation  p  between  these  indices  will  be 

V^i'  +  V  —  ^r^v^Vg  VV  +  V"'2r,^v,t;4 

where  r^ r^  represent  the  calculated  coefficients  of  correlation 

and  Vx t;^  the  coefficients  of  variation  of  the  variables  of  X| 24, 

respectively. 

It  has  further  been  pointed  out  by  PearP  that  the  gross  corre- 

lation  p  between  the  length-breadth  index  -^  and  the  breadth  x^  is 

Between  the  index  ^  and  the  length  x^  the  gross  correlation  is 

/)=   ;■      "  ^     i — == (n) 

In  the  above-mentioned  memoir  Pearson  showed  that  a  large  por- 
tion of  the  gross  correlation  when  an  index  is  correlated  either  with 
another  index  or  with  one  of  the  actual  measurements  which  enter 
into  the  index  is  not  due  to  organic  relationship,  but  is  a  spurious 
correlation  arising  from  arithmetical  reasons.  It  has  been  shown 
that  the  measure  of  this  spurious  correlation  p^  in  the  case  of  index- 
breadth  is 

"•'Wtv ^"^ 

Similarly  for  index-length  correlation 

In  Table  17  are  given  first  the  gross  correlations,  p,  between  index 
and  length  and  index  and  breadth  as  calculated  from  (i)  ajid  (ii). 
Next  are  given  the  corresponding  spurious  correlations  calculated 
from  (iii)  and  (iv).  Finally  are  given  the  net  correlations  p-^p^. 
These  represent  the  part  of  the  gross  correlations  that  may  be  con- 
sidered to  be  due  to  true  organic  interrelationship.    If  the  indices 

1  Pearson,  K.    On  a  lorm  of  spnrioos  oorrelatian  which  may  arte  -vrhen  hidloea  are  uaed  In  the  measnre- 
ment  of  organs.    Proo.  Roy.  Soc. ,  vol.  60,  pp.  48»-<g6, 1807. 
•  Pearl,  R.    A  Blometrical  Study  of  CoDjngatlaa  In  Paramaolam.    BlomBtrlka,  vd.  V,  pp.  2ia-»7, 1907. 
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were  arbitrarily  made  up  from  a  random  series  of  measurements  of 
the  lengths  and  breadths  of  different  eggs  the  values  in  the  last  col- 
umn, p—p^j  would  be  significantly  zero.  The  meaning  of  the  expres- 
sion p—p^  had  been  fully  discussed  by  Pearl  (Zoc.  cU.)  and  need  not  be 
repeated  here.  Expressed  in  terms  of  regression,  it  indicates  the 
amoimt  of  shift  of  the  gross  regression  line  beyond  the  spurious  line. 
This  shift  is  due  to  the  organic  correlation.  The  probable  errors 
given  in  the  spurious  and  net  columns  are  calculated  from  the  for- 

1— r* 
mula  P.E-— 0-67449 — 7=.    This  assumes  that  r  has  been  calculated 

from  the  usual  formula  r  «  jJ^  .     The  error  involved  in  this  asstunp- 
tion  is  probably  not  significant. 

Tablb  17. — Index  cofrdaHona. 


ChBracten. 

Qnea,^ 

SpuriouSyP* 

Net,^^ 

Index-tonKth 

— 0.7707 
+  .7663 

--0.7«01±0.0119 
+  .7901±  .0119 

+0.0194^0.0818 

Index-breadth 

—  .0M0±  .0818 

From  an  examination  of  the  last  column  of  this  table  it  is  clear  that 
there  is  no  significant  correlation  between  the  shape  of  an  egg  as 
measured  by  the  length-breadth  index  and  either  its  length  or  breadth. 
In  neither  case  is  the  net  correlation  significantly  greater  than  its 
probable  error. 

In  discussing  the  correlation  between  the  index  and  volume  (p.  195)| 
it  was  said  that  there  also  the  values  of  r  were  not  significant,  taken 
independently.  From  the  fact  that  both  the  index-bulk  and  index- 
weight  correlations  were  positive  and  of  values  bordering  on  signifi- 
cance, it  was  concluded  that  there  might  be  some  slight  correlation 
between  shape  and  capacity  variation  of  the  egg.  With  the  addi- 
tional evidence  afforded  by  Table  17  it  becomes  still  more  certain 
that  if  there  is  any  real  correlation  between  size  and  shape  characters 
of  the  egg  it  must  be  extremely  slight  in  amount  or  d^ree. 

COMPABISOir  OF  COBBBLATIOir  UST  THE  EGG  ANB  THE  SKXTLL. 

Earlier  in  this  bulletin  it  has  been  shown  that  the  egg  and  the 
human  skull  show  a  marked  similarity  in  respect  to  variation  in  cor- 
responding dimensions.  It  was  suggested  that  this  correspondence 
between  two  such  dissimilar  things  probably  owes  its  origin  to  the 
fact  that  the  developmental  mechanical  forces  which  come  into  play 
in  determining  the  form  of  an  egg  are  essentially  of  the  same  kind  as 
those  which  give  the  skull  its  definitive  form.  If  this  view  of  the 
matter  is  correct  it  would  be  expected  that  a  similar  correspondence 
would  be  found  in  respect  to  the  degree  of  correlation  between  the 
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different  dimensions  in  the  two  objects.    As  a  matter  of  fact,  such  is 
the  case,  as  is  shown  by  the  data  given  in  Table  18. 

In  this  table  are  collected  from  the  literature  correlation  coefficients 
for  skull  dimensions  in  several  human  races  and  also  in  the  albino  rat. 
In  the  case  of  the  human  data  only  the  constants  for  males  are  tabled, 
in  order  to  save  space  and  at  the  same  time  avoid  the  mental  confu- 
sion which  arises  with  a  long  series  of  constants,  all  showing  about  the 
same  thing,  but  differing  slightly  among  themselves.  Nothing  dif- 
ferent in  principle  would  be  brought  out  if  all  the  constants  for 
females  were  given  in  the  table.  In  obtaining  the  means  the  indi- 
vidual coefficients  have  been  weighted  in  proportion  to  the  number 
of  cases  on  which  they  were  based. 

Table  18. — Comparison  of  oorrelationa  in  egg  and  shiUl  characters. 


Characters  and  race. 


Slnill  length  and  breadth: 

Preach  males  1 

Qerman  males' 

English  males* 

Naqadamalesi 

Weighted  mean,  human  malea  . 

Albino  rat* 


Egg  length  and  breadth. 


BkQD  length  and  capacity: 

English  males  * 

Naqadamalesi 

German  males* 

Weighted  mean,  human  malee  . 

Albino  rat* 


Egg  length  and  weight . 
Egg  length  and  bulk. . . 


Number 
ol  cases. 


100 
131 
139 
1,380 
53 
51 
450 


72 
80 
100 
261 
53 
51 
450 
460 


Coefficient  of  correlation. 


0.080±aQ24 

.286i:  .062 

.240±  .055 

.844±  .060 

(ktSO 

f-a665±0.062 

^--0.397d:  .080 

0.0^±  .0S» 


0.597i:a061 

.SOl±  .054 

.515^  .060 

0.8SS 

f-0.761:La039 

^-0.577d:  .062 

0.690±  .Oil 

.S7S±  .Otl 


Skull  breadth  and  capacity: 

itTigiteh  males  • 

Naqadamales^ 

German  males  s 

Weighted  mean,  human  males. 

Albino  rat* 

Egg  breadth  and  weight 

Egg  breadth  and  bulk 


72 

80 

100 

261 

63 

51 

450 

450 


0.631±a048 

.434db  .058 

.672±  .037 

0.S90 

f-a838i:0.028 

?-0.632±  .057 

O.SSd±  .010 

.860±  .008 


Skull  B/L  Index  and  length: 

English  males' 

French  males  1 "!.' 

Naqadamales^ 

Wdghud  mean,  human  malet 

J^  B/L  index  and  length 

SkuU  B/L  index  and  length,  net  correlation  (mean) . 
Egg  B/L  index  and  length,  net  correlation 


131 
860 
130 
1,121 
450 


Oro88.  Spwriou*. 

-a547±a041  -a658±0.083 

-  .652±  .014  ~  .686:L  .013 

-  .551±  .041  ~  .694±  .031 

-0.828  -0.684 

-  .77/  -  .790±  .019 

+o.ose 

^0.0i9±0.O5» 


Sknil  B/L  index  and  breadth: 

English  males  * 

French  males* 

NaqadamalesA 

Wdahted  mean,  human  males , 

Egg  B/L  index  and  breadth , 

Skull  B/L  index  and  breadth,  net  correlation  (mean). 
Egg  B/L  index  and  breadth,  net  correlation 


131 

860 

130 

1,121 

450 


0.682±a032 

.e99±  .012 

.604±  .038 

0.086 

.76S 


-0.0U 
-^,086±0.0St 


0.7S8±0.OM 

.727±  .011 

.730db  .028 

0.7g9 

,790±  .01$ 


1  Fawcett,  C.  D.    Biometrika,  Vol.  I.  p, 
>Lm,A.    Fhfl.Ttans,Vol.l96A,p.23] 


•.  457. 


« Macdonell,  W.  R.    Biometrlka,  Vol.  Ill,  p.  233. 
«Hatai,S.    Amar.  Jour.  Anat.,  Vol.  VII,  p.  432. 
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From  this  table  it  is  at  once  apparent  that  the  same  general  coErre- 
spondence  between  the  egg  and  the  skull,  which  was  f oimd  to  hold  for 
relative  variability,  also  obtains  with  reference  to  the  degree  of 
correlation  in  variation.  Taking  the  various  points  seriatim,  we 
note: 

1.  That  while  the  correlation  between  length  and  breadth  in  the 
human  skull  tends  to  be  higher  than  that  for  the  corresponding  egg 
dimensions,  yet  taking  the  mean  for  all  the  coefficients  it  is  not  greatty 
so.  The  coefficient  for  skull  length  and  skull  breadth  in  the  French 
series  (the  most  extensive  of  all)  is  almost  identical  with  that  for  the 
corresponding  dimensions  of  the  egg.  In  the  case  of  the  rat  skull  the 
correlations  are  distinctly  higher  than  for  either  human  skull  or  egg. 
But  here  two  facts  must  be  taken  into  account.  In  the  first  place  the 
rat  series  are  small  and  may  be  comparatively  ''bad"  samples  of 
the  general  population  of  rat  skulls.  The  unusually  large  differences 
between  the  constants  for  the  male  and  the  female  series  suggests  that 
such  may  be  the  case.  In  the  second  place,  the  relative  influence  of  the 
two  morphogenetic  factors  chiefly  concerned  here  (tension  of  temporal 
muscles  and  internal  pressiu*e  from  developing  brain)  must  be  dis- 
tinctly different  in  the  case  of  the  rat's  skull,  with  its  proportionately 
small  brain  and  almost  no  vaulting,  its  comparatively  heavy  jaw 
with  associated  muscular  development,  and  its  entirely  different  facial 
development,  from  what  obtains  in  the  case  of  the  human  skull.  In 
other  words,  there  is  not  the  same  morphogenetic  basis  for  the  com* 
parison  of  the  rat's  skull  with  the  bird's  egg  that  there  is  for  compar- 
ing the  human  skull  with  this  object. 

2.  That  the  agreement  between  human  skuU.  and  egg  in  respect  to 
the  correlatioii  between  length  and  capacity  is  very  close.  This  is 
true  whether  weight  or  volume  be  taken  as  the  capacity  measure  in 
the  case  of  the  egg. 

3.  That  this  accord  between  egg  and  skull  is  not  quite  so  dose  in 
the  case  of  the  breadth-capacity  correlation  as  for  the  length-capacity 
correlation.  Here  there  is  closer  agreement  between  the  rat  skuU  and 
the  egg.  The  most  significant  point,  however,  is  that  all  the  cases 
(rat  skull,  human  skull,  etc.,  and  egg)  agree  in  showing  a  somewhat 
closer  correlation  between  breadth  and  capacity  than  between 
length  and  capacity.  This  difference  is  least  for  the  human  skull  and 
greatest  for  the  egg,  but  it  is  in  the  same  sense  for  all  three  forms. 

4.  That  in  respect  to  index  correlations — shape  with  size — there 
is  a  remarkably  close  agreement  between  egg  and  skull.  The  net 
organic  correlations  are,  within  the  limits  of  error  of  random  sam- 
phng,  identical. 

Taking  all  the  facts  together  it  may  fairly  be  said  that  in  respect 
to  relative  variability  and  correlation  of  dimensions  there  is  a  dose 
similarity  between  the  hen's  egg  and  the  human  skull  in  particular, 
and  probably  to  a  lesser  extent  the  mammalian  skull  in  general 
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The  most  probable  explanation  of  this  similarity  is  to  be  found  in 
the  fact  that  the  immediate  physical  and  mechanical  forces  which 
have  to  do  with  the  determination  of  the  definitive  form  in  the  two 
cases  are  of  essentially  the  same  kind,  and  act  in  essentially  the  same 
way. 

BEGBESSION  AND  THE  DSTEBMZNATIOX  OF  THE  PBOBABI^E  VALT7E 
OF  A  PABTIOULAB  EGG  DIMENSION  FROM  A  KNOWI^BDaB  OF 
OTHER  DIMENSIONS. 

One  of  the  aims  of  science  is  to  be  able  to  predict  the  occxurence 
or  attributes  of  one  phenomenon  from  a  knowledge  of  other  related 
plienomena.  It  is  clear  that  it  would  be  of  advantage  in  many 
ways  if  one  could  express  with  reasonable  accuracy  certain  of  the 
physical  characteristics  of  eggs  in  terms  of  other  characters.  For 
example,  it  often  happens  that  one  is  able  to  obtain  directly  the 
measurements  of  an  egg  but  not  its  weight.  This  is  the  case  with 
''blown"  eggs  in  a  museum.  Further,  in  eggs  which  have  been 
stored  in  such  a  way  that  they  have  lost  water  by  evaporation  it  is 
impossible  to  obtain  the  correct  weight  directly,  though  their  linear 
dimensions  will  not  have  changed.  In  such  cases  formula  to  deter- 
mine the  probable  mean  fresh  weight  of  a  series  of  such  eggs  would 
be  valuable.  Practical  use  might  possibly  be  made  of  such  formula 
in  the  investigation  of  cold-storage  eggs.  In  the  foUowiog  pages 
especial  attention  will  be  given  to  the  derivation  of  formulsB  for  esti- 
mating the  weight  and  volume  of  eggs  from  the  direct  measurements 
of  length  and  breadth. 

For  such  characters  as  are  capable  of  nimxerical  expression  the 
simplest  method  of  predicting  one  character  in  terms  of  another  is 
furnished  by  the  principle  of  regression. 

The  degree  of  accuracy  with  which  such  a  prediction  can  be  made 
depends  upon  two  things;  namely,  (a)  the  relation  between  the  char- 
acters considered,  i.  e.,  the  degree  of  correlation,  and  (b)  the  vari- 
ability of  the  characters.  It  is  well  known  that  if  from  the  ordi- 
nary correlation  table  the  means  of  the  arrays  for  either  correlated 
character  are  plotted  the  points  so  obtained  usually  lie  very  nearly 
on  a  straight  line.  By  determining  the  equation  of  the  straight  line 
best  fitting  these  points  it  is  clear  that  we  obtain  an  expression  of 
one  of  the  characters  in  terms  of  the  other.  Occasionally,  however, 
it  happens  that  the  plotted  means  do  not  lie  in  a  straight  line.  In 
such  cases  the  regression  is  said  to  be  ''nonlinear/'  and  the  correla- 
tion ''skew."  Some  curve  must  then  be  found  to  graduate  the  means 
of  the  arrays. 

Before  entering  upon  the  detailed  discussion  of  the  regression  lines 
for  egg  characters  it  will  be  of  advantage  to  consider  briefly  certain 
points  of  mathematical  theory  regarding  tests  for  linearity  of 
regression. 
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UXTBABITY  OF  BSGBSSSION. 

In  his  memoir  on  "Skew  Correlation  and  Non-Linear  Regression/'* 
Pearson  has  pointed  out  a  method  of  measuring  the  approach 
to  linearity  of  the  regression  curve.  In  addition  to  the  coeflSicieiit 
of  correlation,  r,  the  two  most  significant  constants  are  (a)  the  square 
root  of  the  mean  square  deviation  of  the  means  of  the  arrays  from 
the  regression  line  Im,  and  (b)  the  correlation  ratio,  ij.  The  latter 
gives  the  mean  reduction  in  the  variability  of  an  array  as  compared 
with  that  of  the  whole  population.     It  is  evident  that 

ri-y (1^ 


where  a^^  is  the  standard  deviation  of  the  weighted  means  of  the  y 
arrays  about  the  mean  of  the  population,  and  <Ty  is  the  standard 
deviation  of  the  variates  about  the  same  mean.  In  calculating  o^ 
the  squared  deviations  of  means  are  weighted  with  their  frequencies. 
Pearson  has  further  pointed  out  that 

Jjf'^  <T«y»-rV (ii) 

Hence  from  (i)  and  (ii) 

Ii  the  regression  is  linear,  Im  should  equal  zero  and  rj  should  equal 
r  within  the  limits  of  random  sampling.  Table  19  gives  the  values  of 
I^  and  ij  derived  from  the  data  in  the  correlation  tables  (pp.  192-193). 
The  correlation  coefficients  for  length  with  breadth  and  for  the  index 
correlations  were  so  low  that  it  was  not  deemed  worth  while  to  con- 
sider their  regression  equations. 

Also  from  the  inspection  of  Table  13  and  particularly  from  an 
examination  of  figures  10  and  11  (p.  209)  it  is  clear  that  the  regressions 
of  weight  on  bulk  and  of  bulk  on  weight  are  essentially  linear.  Hence, 
we  have  not  gone  to  the  trouble  of  calculating  the  constants  for  the 
linearity  of  regression  in  these  cases. 

For  convenience  there  is  included  in  Table  19  the  values  of  r  and 
the  corresponding  diflferences  with  their  probable  errors.  It  has 
been  shown  by  Pearson  (Joe.  cit.)  that  a  very  close  approximation  to 
the  probable  error  of  rj  is  given  by  the  formula 

P.£.,  =  0.67449i^' 

Blakeman'  has  given  approximate  formulse  for  the  probable  errors  of 
ly— r*  and  rj  —  r. 

1  PeanoQ,  E.  Mathematical  Contrlbutiooa  to  the  Theory  of  Evolution  XIV.  Draper's  Company 
Research  Memoira,  Biometrio  Series  II,  1905. 

t  Blakeman,  J.  On  Tests  for  Ltneailty  of  Rflgreaston  in  Frequency  DlstributiaDS.  Biometrika,  Vol.  IV, 
pp.  333-350, 1905. 
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His  formula  have  been  used  in  obtaining  the  probable  errors  of 
these  constants. 

Table  19. — Analytical  constants  for  linearity  of  regression. 


Correlatod  characters. 

r 

i" 

,-r 

.^M 

i'-r* 

Bnllr  and  length  a. 

0.5751±0.(B13 
.5797:^  .0311 
.8357±  .{Mm 
.8602±  .0083 

0.6ie3i:0.0107 
.6127i:  .0198 
.8377i:  .0005 
.88a0±  .0082 

0.0412^0.0116 
.0830^  .0113 
.0020^  .0022 
.OOlSdb  .0021 

0.2214# 
.1068. 
.0682r 
.0663r 

0.0490^:0.0136 

Weight  and  length 

.0903d:  .0133 

Wei^t  and  braadtii 

.0034±  .0037 

Bulk  and  breadth 

•  0083±  .0036 

1  Caloolated  from  the  weighted  squared  deviations  of  the  means  from  the  mean  of  the  {Kipiilatlon.    Shop- 
pard's  oorrectioDs  were  not  used. 

From  Table  19  we  note  that  in  the  regression  of  bulk  on  length 
and  weight  on  length  the  values  of  ly— r  and  5'— r*  are  more  than 
three  times  their  probable  errors.  In  these  cases  i;  is  significantly 
greater  than  r.  Likewise  Im  deviates  sensibly  from  zero.  Judged 
by  this  test  we  must  conclude  that  the  regressions  of  bulk  and  weight 
on  length  deviate  sensibly  from  linearity. 

Turning  to  the  regression  of  bulk  on  breadth  and  weight  on  breadth 
we  note  that  the  valuSs  5  — r  and  ij*— r*  are  just  about  equal  to 
their  probable  errors.  Hence,  t)  does  not  differ  significantly  from  r. 
From  this  we  may  conclude  that  the  best  fitting  straight  line  will 
give  as  good  results  in  the  prediction  of  weight  or  bulk  from  breadth 
as  any  other  curve. 

The  deviation  of  r  from  ly  and  of  Im  from  zero  necessarily  impUes 
departure  from  linearity.  This  may  be  due  to  either  one  or  both 
of  two  causes.  Either  the  points  determined  by  the  means  do  not 
lie  in  a  straight  line  and  can  be  better  described  by  some  other  curve, 
or  else  the  points  deviate  from  a  straight  line  but  nevertheless  can 
be  better  described  by  that  than  by  any  other  curve.  In  order  to 
decide  in  which  class  the  present  series  lies  we  may  have  recourse  to 
the  diagrams  showing  the  plotted  means  of  the  arrays. 

^  SIMPUS  UNEAB  BEGBESSION. 

Before  taking  up  these  diagrams,  however,  it  will  be  of  advantage 
to  have  before  us  the  equations  to  the  respective  regression  hues, 
and  these  may  then  be  plotted  on  the  same  figure.  It  has  been 
shown  by  Yule  *  and  others  that  the  simplest  forms  of  the  character- 
istics or  regression  equations  with  two  variables  are 


(i) 


and 


y^r-^x 


(ii) 


where  x  and  y  represent  deviations  from  their  respective  mean 

»  Yule,  O.  U.    On  the  Theory  of  Correlation.    Jour.  Koy.  Stat.  Soc.,  Vol.  LX,  1897. 
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valaes;  a^  and  a^  are  the  standard  deviations  of  X  and  Y*  respectively; 
and  r  is  their  coefficient  of  correlation  as  usual. 
Transferring  these  values  to  their  means  we  have 

(JST  — mean  a;)«r— (Y"— meany) ..  -(iii) 

(T— mean  t/)  =  r  '(-ST— meana;) (iv) 

The  expressions  r-^  and  r--  are  spoken  of  as  the  regression  coeffi- 
cients and  often  designated  as  b^  and  h^,  respectively. 

Further  it  is  evident  from  the  mathematical  relations  involved 
that  the  standard  error,  I,  made  in  estimating  X  from  equation  (iii) 
is  oi  VI— f*.  Similarly  a^-^l—r^  is  the  probable  error  of  F  as  estimated 
from  equation  (iv). 

Now  applying  these  equations  to  the  data  in  hand  we  obtain  the 
following  regression  equations  together  with  their  standard  errors. 
Only  those  equations  are  given  in  which  weight  or  bulk  is  estimated 
from  other  characters. 

The  abbreviations  used  are  evident;  TT.*— Weight;  Zr.=  Length; 
5r.- Breadth;  50:.  =  Bulk. 

(1)  W.  =1.1229Z.  -  7.9792;  2  =  3.7661. 
-62.2483;  2*  =  2.5383. 
.-  0.2681;  2 =0.9610. 
-  6.6879;  2-3.4631. 
-68.9081;  2=2.1591. 
+  2.2563;  2=0.8344. 

Since  there  is  a  very  high  correlation  between  weight  and  bulk  the 
corresponding  regression  lines  for  weight  and  for  bulk  on  lengthy  as 
well  as  for  weight  and  bulk  on  breadth,  show  a  striking  similarity. 
The  regression  lines  for  weight  on  bulk  and  bulk  on  weight  are  prac- 
tically identical.  For  this  reason  we  may  discuss  these  regressions 
in  pairs,  taking  first  those  in  which  the  length  forms  are  variable. 
These  are  exhibited  in  figures  6  and  7. 

From  these  figures  it  is  clear  that  the  regressions  of  weight  on 
length  and  of  bulk  on  length  follow  some  other  law  than  that  of  the 
straight  line.  The  deviations  at  either  extremity  are  in  both  cases 
definitely  directed  and  can  not  be  accounted  for  as  random  deviar 
tions.  This  furnishes  confirmatory  evidence  concerning  the  conclu- 
sions drawn  from  a  study  of  the  correlation  ratio.  We  are  undoubt- 
edly dealing  with  nonlinear  regression  in  these  cases.  The  figures 
show  that  the  fitted  regression  line  represents  the  facts  well  in  the 
middle  of  the  range,  but  prediction  as  to  the  weight  or  bulk  of  very 
long  or  very  short  eggs  made  according  to  these  equations  would  vary 
rather  widely  from  the  true  values.  However,  in  a  random  sample  of 
eggs  the  majority  wiU  lie  in  that  portion  of  the  curve  which  is  well 


(2)   W. 

~2.8035Br. 

(3)   F. 

=  1.07045ft. 

(4)  Blk. 

-1.0203L. 

(5)  Blk. 

-2.643lBr. 

(6)  Blk. 

-  0.8979  F. 

Digitized  by  V3OOQ IC 


PHYSICAL  CHAKACTBR8  OP   THE  EGG. 


207 


^4ts    ^gy    acts    saa    aaas    sas    €a^ 


SOS 

•*^ 

^. 

SS3 

^ 

s. 

gff^ 

^ 

X 

SgiA 

> 

\ 

€B!A 

J 

\ 

JMC^ 

•c 

— 

\ 

'^ 

\ 

Fio.  6.— Regression  of  egg  welgXit  an  egg  length. 


graduated  by  the  regreB8io^  line.  Thus  in  the  above  figures  6  and  7 
it  is  evident  that  the  points  at  which  the  line  of  the  plotted  means 
begins  to  deviate  sensibly  from  the  fitted  line  may  be  taken  as  corre- 
sponding approximately  to  egg  lengths  of  51  and  61  mm.  Referring 
to  the  frequency 
distribution  for 
length  (Table  1),  it 
is  seen  that  433 
^gs  out  of  the 
total  450  eggs 
measured  have 
lengths  between 
51  mm.  and  61 
mm.  In  other 
words,  over  96  per 
cent  of  the  eggs  in 
this  sample  fall 
within  that  portion 
of  the  curve  which 
is  satisfactorily  fit- 
ted by  the  regression  straight  line.  It  may  further  be  noted  that  these 
poinis  of  51  mm.  and  61  mm.  lie  on  either  side  of  the  mean  length  at 
distances  nearly  equal  to  —  2<t  and  +2<t,  respectively.  It  is  thus 
clear  that  for  any  random  sample  of  ^gs  having  a  mean  length  and 

a  standard  deviation  in 
length  approximately  the 
same  as  those  of  the 
present  distribution  one 
will  get  for  over  96  per 
cent  of  the  eggs  fairly 
good  predictions  of 
weight  and  bulk  from 
equations  (1)  and  (4). 
If  the  regression  line  will 
estimate  the  weight  or 
volume  of  96  per  cent  of 
the  eggs  as  closely  as  can 
be  done  by  any  equation 

Fio.  7 -Regression  of  egg  bulk  on  egg  length.  which    takes    acCOUUt    of 

the  length  only,  we  may  expect  to  get  fairly  good  results  when  the 
equation  is  applied  to  a  random  sample  of  eggs. 

Such  a  test  for  this  and  other  equations  will  be  made  in  a  later 
section  of  this  bulletin  (i>.  223). 

A  still  further  test  as  to  the  estimation  of  such  equations  is  given 
by  the  standard  error  I^aijl—r^.  The  value  for  each  case  is 
given  with  the  equations.    In  the  regression  of  weight  on  length 
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2'«3.7661  and  for  bulk  on  length  J«3.4631.  In  other  words,  the 
standard  error  of  the  weight  as  predicted  by  equation  (1)  is  about 
3.8  grams,  or  about  7  per  cent  of  the  mean  weight. 

We  may  next  consider  the  r^ressions  in  which  weight  and  bulk  az« 
associated   with  breadth.    The  equations   to   the  fitted  lines    are 

given  as  (2)  and 
(5)  on  page  206. 
The  graphs  of 
these  lines,  to- 
gether with  the 
plotted  means,  are 
given  in  figures  8 
and  9. 

It  is  at  once 
evident  that  here 
the  regression 
lines  fit  the  data 
much  better  than 
in  figures  6  and  7. 
However,  there 

is  here  also  an  evident  deviation  from  linearity  at  the  ends  of  the 
curves.  Looking  at  the  line  of  plotted  means  it  appears  clearly 
probable  that  one  could  fit  them  better  with  a  parabola  than  with  a 
straight  line.  In  these  cases  the  results  of  inspection  apparently  do 
not  confirm  the  conclusion  drawn  from  a  study  of  the  correlation 
ratio  (p,  205).    It  was 

there  concluded  that,  At£>4A/  £oa  ^ca^at 

since  the  value  of  ly — r 
was  no  greater  than  its 
probable  error,  these 
regressions  could  be 
considered  as  essen- 
tially linear.  The 
reason  for  this  dis- 
crepancy is  that  both 
tl  and  r  are  calculated 
from  the  ordinates 
weighted  with  their 
frequency.  For  this 
reason  the  regression 
lines  fit  the  middle  portions  of  the  curves  very  well  indeed.  Fur- 
ther, the  deviations  at  the  ends  are  not  great  in  magnitude,  and 
the  total  frequency  in  these  regions  is  very  small. 

If,  as  in  the  case  of  capacity  with  length,  the  points  where  the 
curves  begin  to  deviate  sensibly  from  the  fitted  liae  are  examined, 
it  is  found  that  these  correspond,  taking  the  two  curves  together, 
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to  breadths  of  about  39.50  mm.  and  45  mm.  Referring  to  the 
frequency  distribution  for  breadth  (Table  1),  it  is  seen  that  427  out  of 
the  450  eggs  are 
included  be- 
tween these 
limits.  In  other 
words,  the  re- 
gression line  fits 
with  consider- 
able accuracy 
about  95  per 
cent  of  the  ^gs. 
While  the  devi- 
ations at  either 
end  are  not  very 
great,  neverthe- 
less the  data 
from  the  pres- 
ent sample  of 
eggs    can    be 

somewhat  more  ^^'  10.-Regiwiskai  of  egg  weight  on  egg  butt. 

closely  described  by  a  parabola  than  by  a  straight  line,  as  will  be 

shown  later. 

The  standard  error  made   in  estimating  the  capacity  of  an   egg 

from  its  breadth  is  in 
the  case  of  the  weight 
2.5383  grams  and  in 
the  case  of  the  bulk 
2.1519  grams.  Thus 
the  average  estima- 
tion of  capacity  is 
more  than  1  gram 
closer  when  made 
from  the  breadth 
rather  than  from  the 
length  as  the  second 
variable. 

The  r^ressions  of 
weight  on  bulk  and 
of  bulk  on  we^ht 
may  next  be  consid- 
ered. The  equations 
to  these  regression 
lines    are   given    as 

Fia.  n.— Regression  of  egg  butt  on  egg  weight.  equations  (3)  and  (6) 

on  page  206.     Figures  10  and  11  show  the  graphs  of  these  equations 
along  with  the  plotted  means. 
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The  diagrams  afford  sufficient  proof  of  the  strict  linearity  of  these 
r^ressions,  without  further  demonstration.  It  would  clearly  be 
impossible  to  get  any  curve  which  would  estimate  wei^t  £rom  bulk 
or  bulk  from  weight  better  than  the  present  straight  lines.  Further, 
since  the  correlation  coefficient  between  these  two  characters  has 
such  a  high  yalue^  it  is  to  be  expected  that  the  absolute  estimation 
would  be  very  close  in  each  case.  Judging  from  the  above  diagrams, 
this  would  certainly  seem  to  be  the  case.  However,  it  must  be 
remembered  that  the  regression  line  might  fit  the  plotted  means  -very 
closely,  and  yet  if  the  standard  deviations  of  the  characters  are  large 
tbe  standard  error  of  the  estimation  would  be  correspondingly  lai^ge. 
Here,  however,  this  is  not  the  case.  The  standard  error  of  equation 
(3)  is  0.9610,  and  for  equation  (6)  is  0.8344.  Taking  the  case  of  the 
weight  on  bulk  (equation  3)  we  note  that  the  efror  of  0.96  gram  is 
only  about  1.7  per  cent  of  the  mean  egg  weight.  In  the  case  of  bulk 
on  weight  the  estimation  is  made  with  a  standard  error  of  less  than 
1.5  per  cent  of  the  mean  bulk. 

PABABOIilO  BEaBESSIOK. 

CAPACITY-LENGTH   REGRESSIONS. 

It  has  been  shown  above  (pp.  205)  that  the  regressions  of  egg  weight 
and  bulk  on  length  are  nonlinear.  In  such  cases  the  problem  of 
obtaining  the  best  fitting  curve  for  the  graduation  of  the  observed 
r^ession  line  is  greatly  complicated.  In  his  previously  mentioned 
work  on  "Skew  Correlation  and  Non-Linear  Regression''  Pearson 
has  developed  the  theory  of  higher  types  of  regression.  He  classifies 
these  types  as  Unear,  parabolic,  cubic,  and  quartic,  corresponding 
respectively  to  the  straight  line,  second,  third,  and  fourtb  order 
parabolas.  As  a  first  approach  to  fitting  these  regression  curves  we 
have  used  Pearson's  parabolic  type. 

The  general  form  for  this  type  of  equation  is 

where  ygp  is  the  mean  of  an  aj-array  of  y's. 

Evaluating  the  a's  in  terms  of  the  correlation  and  variation  con- 
stants and  subsequently  simplifying  the  equation,  Pearson  arrives  at 
the  following  expression  for  parabolic  regression: 


where  t/a^  is  the  deviation  from  the  mean  of  the  y-arrays  correspond- 
ing to  the  given  deviation  from  the  jB-arrays,  viz,  Xp;  ij  and  r  are  the 
correlation  ratio  and  correlation  coefficient  respectively;  and  a^  and 
<7y  the  standard  deviations,     ^j  =  A  ""  A ""  1  • 
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The  values  of  ^j  and  ^j  and  Vi^  are  given  in  Table  6.  Except  in 
the  case  of  very  nearly  linear  regression  there  will  be  no  doubt  as  to 
the  sign  of  Viy'— r*. 

Inspection  will  tell  whether  the  parabola  is  concave  or  convex  to 
•  the  X  axis. 

Applying  this  formula  to  the  capacity-length  regressions,  we  get 
for  weight  on  length, 

y^=  1.260  lXp-0.0931V  +  0.6299 

and  for  bidk  on  length, 

y,p  =  1. 1607zp  -  0.0952a;p» + 0.6420 

It  was  found  upon  trial  of  these  curves  that  the  fit  was  not  good. 
The  graduation  toward  the  upper  ends  of  the  curves  was  particularly 
bad.  Through  the  middle  and  over  a  portion  of  the  lower  end  the 
curves  represented  the  facts  fairly  well.  However,  at  the  lower  end 
of  the  curves  the  fit  was  again  bad.  It  is  unlikely  that  either  the 
weight  or  bidk  of  e^s  over  64  mm.  in  length  decreases  at  anything 
like  the  rate  shown  by  these  theoretical  curves.  It  is  to  be  remem- 
bered that  the  curves  under  discussion  are  second  order  parabolas 
fitted  to  the  weighted  means  of  the  arrays.  As  has  been  pointed  out 
in  the  case  of  the  simple  regression  lines  (p.  209),  the  frequencies  at 
the  two  ends  are  very  small.  The  curves  attempt  to  fit  the  heavily 
weighted  ordinates  at  the  middle  of  the  curve  and  let  the  ends  take 
care  of  themselves. 

It  is  of  course  possible  that  Pearson's  cubic  or  quartic  regression 
curves  might  graduate  these  data  more  satisfactorily.  However, 
because  of  the  very  considerable  probable  errors  connected  with  the  use 
of  the  higher  moments,  it  did  not  seem  worth  while  to  calculate  these 
equations.  Instead  the  attempt  has  been  made  to  graduate  the 
data  with  parabolas  using  the  unweighted  means. 

Such  parabolas  can  be  fitted  either  by  the  method  of  least  squares 
commonly  used  by  physicists,  or  by  Pearson's  *  method  of  moments. 
Where  a  series  of  parabolas  of  different  orders  are  to  be  fitted  to  the 
same  data  the  method  of  moments  offers  many  advantages.  This 
latter  method  has  been  used  in  the  present  instance. 

The  general  equation  to  these  parabolas  is 

y  =  6o  +  «iaJ  +  «aaj*+ en-ix"-^ 

where  60,  e^j  e,,  etc.,  are  constants  to  be  determined  from  the  data. 
Parabolas  of  the  first,  second,  third,  fourth,  fifth,  and  sixth  orders 
have  been  fitted  to  both  the  regression  of  weight  on  length  and  of 
bulk  on  length.    This  makes  12  parabolas  in  all. 

1  P«anon,  E.    On  the  Syst«ni«tio  Fitting  of  Carves  to  Observation  and  Mflaaonmcnts.    Bioni«trika» 
Vol.  I,  p.  285,  and  Vol.  n,p.  1, 1902  and  1003. 
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The  equations  to  the  parabolas  graduating  the  regression  of  weight 
on  length  are  as  follows: 
Straight  line — 

y  =  66. 1367(1 +0.1328y) 
Second  order  parabola — 

y-56.1367|l.0218  +  0.1328j-0.0654(|y| 
Third  order  parabola — 

y-66.1367[l.O218  +  O.O724j-O,O664(yY  +  O.l()O70Yj 
Fourth  order  parabola — 
y-56.1367Jl.0256  +  0.0724(j)  -  0.1037(jY  +.0.1007(|Y  +  0.0447(|Y[ 

Fifth  order  parabola — 
y  =  66.1367[l.0256  +  0.1274j-0.1037(jY 

-  0.1562(jY  +  0.0447(jY  +  0.2312(|Y} 
Sixth  order  parabola — 

y«56.1367Jl.0870  +  0.1274|-1.3925(|Y-0.1562(|Y 

+  3.91 12(|Y  +  0.2312(  jY  -  2.8354(|Yj 

In  these  equations  I  is  equal  to  one-half  the  range,  or  9  in  the 
present  instance,  while  x  is  the  distance  in  units  from  the  origin  of 
the  curve,  which  is  at  the  middle  of  the  range. 

The  equations  of  the  parabolas  fitted  to  the  regression  of  bulk  on 
length  are  as  follows: 

Straight  line — 

y  -  62.5044(1  +  0.1288|) 
Second  order  parabola — 

y = 52.5044Jl.0203  +  0. 1288^1^  -  0.061o(|Y| 
Third  order  parabola — 

y  -  52.5O44I1 .0203  +  0.0718^1)  -  0.061o(^  jY  +  0.0926(^|Yj 
Fourth  order  parabola — 
y-52.6044  jl  .0287  +  0.0718(y)  -  0. 145o(|  Y  +  0.0926(jY  +  0.098o(^  jYj 
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y = 52.6044Jl.0287 + 0.1169|-  0.145o(|Y 

-0.1114(|Y+0.i 
Sixth  order  parabola — 
y  -  62.5044[l.0904 + 0.1169j+  1.2306(|Y 
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Upon  plotting  out  these  curves  against  the  observations  it  was 
found  that  results  which  must  be  considered  on  the  whole  as  excel- 
lent were  obtained 
with  certain  of  the 
higher  order  para- 
bolas. Others  gave 
bad  results  owing 
to  having  too  many 
points  of  inflection. 
Xn  these  cases  while 
the  curve  came 
close  to  the  individ- 
ual  observations 
the  result  could  not 
be  considered  a  real 
graduation.  On 
the  whole  the  third, 
fourth,  and  fifth 
order  parabolas 
gave  the  best  results.  Accordingly  these  have  been  chosen  for  graphi- 
cal representation  in  figures  12  and  13. 

CAPACITT-BBBADTH  REOBESSION. 

As  has  been  pointed  out  in  a  previous  section  {cf.  p.  208),  the 
regressions  of  weight  on  breadth  and  of  bulk  on  breadth  are  fitted 
fairly  well  by  the  ordinary  regression  line.  According  to  the  test 
for  linearity  these  regressions  do  not  deviate  sensibly  from  the 
straight  line.  However,  inspection  of  the  actual  observations 
shows  that  toward  the  ends  there  is  a  marked  tendency  for  the 
regression  line  to  turn  downward.  It  must  be  remembered  here 
again  that  both  in  the  test  for  linearity  and  in  the  actual  fitting  of 
the  ordinary  regression  line  weighted  lines  are  used.  Since  in  these 
cases  the  weight  is  mostly  toward  the  middle  of  the  curve,  the 
33294<>— 14 4 


Fia.  12.— Regression  of  egg  weight  oa  egg  length.   The  zigsag  line  gives 

the  observations; third  order  parabola; fourth  order 

parabola; fifth  order  parabola. 
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points  toward  the  end  have  little  influence.     Owing  to  the  constancy 
of  these  deviations  in  the  same  direction,  however,  it  seemed  possible 

that  they   possess  some 

Ami4<>^moBULA^  j^jj     significance,    even 

^sa^  ^ms    ^ms  sxs    sss  sas    sks_      ^^j^^^gj^  ^^  ^^^  ^^^  Uj^^ 

arity  used  failed  to  attrib- 
ute any  to  them. 

For  these  reasons  it 
was  decided  to  attempt  to 
fit  the  unweighted  ordi- 
nates  with  parabolas.  In 
these  calculations  the 
method  of  least  squares 
was  used.  Both  the 
straight  line  and  the 
second  order  parabola 
have  been  determined. 
It  is  to  be  remembered 
that  these  are  fitted  to 
the  unweighted  ordinates. 
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Fio.  13.— Regression  of  egg  boQc  <m  egg  length.    Btgnfflcance  of 
lines  as  in  flgore  12. 


The  equations  to  these  lines  are  as  follows: 
Eegression  of  weight  on  breadth: 
Strai^t  line — 

FiJ.  =  2.793  JBr. -61.345 

Second  order  parabola — 

Fi5.  =  0.111  (Br.)*  -  6.620  JBr.  + 136.855 

Regression  of  bulk  on  breadth: 
Straight  line — 

BBt.  =  2.692  JBr.- 60.558 

Second  order  parabola — 

JBZ3fc.«0.043  (Br.)>-2.347  5r.  +  31.598 

The  observations  and  fitted  lines  are  shown  in  figure. 
It  is  evident  from  the  diagrams  that  the  graduations  here  are 
excellent,  particularly  those  given  by  the  parabolas. 

KDXTIPLE  BEaBESSION. 

In  the  preceding  section  we  have  discussed  the  methods  of  esti- 
mating the  probable  magnitude  of  one  character  of  an  egg  from  a 
knowledge  of  the  actual  magnitude  of  another  character.  More 
satisfactory  results  can  sometimes  be  obtained  by  using  two  or 
more  characters  from  which  to  reach  an  estimation  of  the  probable 
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value  of  another.  In  taking  up  this  phase  of  the  subject  we  shall 
deal  first  with  ordinary  multiple  regression,  which  assumes  that  all 
the  simple  regressions  involved  are  linear.     After  that  will  be  dis- 


;MZ.<7t<P^^  OQS^ 


cussed  parabolic  multiple  regression  equations  as  applied  to  certain 
characters  of  the  egg.  No  regressions  involving  more  than  three 
characters  are  discussed. 
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It  has  been  shown  by  Yule^  and  others  that  the  regression  of  x, 
on  Xj  and  x^  may  be  represented  by 

where  the  coefficients  ftj,  and  61,  have  the  following  values: 


In  these  equatiqps  r^,  r^,  and  r„  are  the  coefficients  of  correlar- 
tion  for  the  characters  x^,  x,,  and  x^,  and  Cu  fi  &Dd  r,  the  standard  devia- 
tions. 

Further,  the  standard  error  of  such  a  regression  equation  is  given  by 

-^13=^lVl^^' 

where 

These  equations  have  been  used  to  determine  the  regression  of 
weight  and  bulk  on  certain  other  characters.  The  following  five 
regression  equations  have  been  deemed  of  sufficient  importance  to 
work  out  in  detail.  In  a  later  section  these  equations,  along  with 
others,  are  tested  as  to  their  efficiency  in  estimating  the  several 
characters. 

Wt.  -0.9941^.    +2.6605r.  -112.217;  2" =0.924 

Wi.  ^0.04:6Lt.    +1.0565Z31:.-     2.081;  2" « 0.907 

Wt.  =  1.098BZfc.  -  0.098Br.  +     2.416 ;  I = 0.909 

BTk.^O.OlSLt,    +0.893  F^+     1.534;  2  =0.652 

BJJc.  =  0.416JBr.  +  0.794  Wt.  -     9,463 ;  I  =  0.773 

In  these  equations  Wt.  denotes  weight  in  grams;  jBZfc.  =  bulk  in 
cubic  centimeters;  Zr<.=  length  in  millimeters;  and  Br.  =  breadth  in 
millimeters. 

Considering  the  probable  errors  of  these  equations,  as  shown  by  J, 
it  is  clear  that  there  is  little  choice  between  the  three  equations  esti- 
mating weight  in  respect  to  the  accuracy  of  the  prediction.  The 
equations  in  which  the  bulk  is  used  as  one  factor  have  a  slightly 
smaller  error.  In  any  case  the  error  is  about  nine-tenths  of  a  gram. 
This  is  roughly  an  error  of  2  per  cent  in  estimating  the  weight  of  an 
egg  from  dimensional  characters. 


iLoadt. 
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In  the  case  of  the  bulk  the  error  is  smaller  when  the  length  and 
weight  are  used  as  the  basis  of  the  prediction  than  when  the  breadth 
and  weight  are  taken.  In  the  former  case  the  error  is  about  0.65  of 
a  cubic  centimeter,  and  in  the  latter  about  0.77  of  a  cubic  centimeter. 

MULTIPLE   PARABOLIG   BEGBESSION. 

In  the  preceding  section  multiple  regression  equations  have  been 
determined  on  the  assumption  that  the  regression  was  linear  for  each 
character.  We  know,  however,  from  previous  determinations  (c/*. 
p.  205)  that  at  least  the  regressions  which  involve  the  length  of 
the  egg  as  one  factor  are  certainly  not  linear  but  parabolic.  The 
same  is  probably  true,  though  to  a  less  marked  degree,  of  the  regres- 
sions involving  the  breadth  of  the  egg.  It  is  thus  clear  that  the 
actual  regression  surface,  in  the  case  of  multiple  regression,  is  not  a 
plane  but  rather  a  curved  surface,  either  convex  or  concave,  as  the 
case  may  be.  If  an  equation  could  be  determined  which  would  take 
account  of  this  curvature  of  the  regression  surface,  the  prediction, 
especially  near  the  bounding  edges  of  the  sxirface,  should  be  much 
more  satisfactory.  The  general  theory  of  multiple  nonlmear  regres- 
sion has  not  been  developed  mathematically.  Hence  it  was  neces- 
sary in  dealing  with  the  matter  to  start  de  novo. 

It  was  decided  first  to  test  a  paraboloid  surface,  generated  by 
moving  one  parabola  in  such  a  way  that  its  vertex  was  always  on 
another  parabola  whose  axis  was  parallel  to  the  axis  of  the  first,  the 
vertical  planes  of  the  two  parabolas  being  at  right  angles  to  each  other. 

The  general  equation  for  such  a  paraboloid  surface  is 

0    c     a      e 

where  a,  h, e  are  constants  to  be  determined  from  the  data. 

The  signs  of  the  constants  determine  whether  the  surface  is  concave 
or  convex. 

On  account  of  the  considerable  amount  of  calculation  involved  in 
the  determination  of  the  constants  of  such  an  equation,  it  was  decided 
to  try  first  of  all  an  abbreviated  form  by  dropping  out  the  x  and  y 
terms,  thus: 

0       c 

It  was  found,  however,  that  this  equation  did  not  give  a  satisfactory 
graduation,  and  the  complete  form  was  subsequently  calculated. 

Also  on  account  of  the  labor  involved  in  the  calculations  only  one 
regression  surface  has  been  fitted.  This  is  for  the  regression  of  weight 
on  length  and  breadth.    This  regression  is  by  far  the  most  important 
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one  for  practical  purpoeea.  If  a  reasonably  close  graduatioii  of  the 
data  coidd  be  detennmedy  such  an  equation  would  permit  one  to  »8cer- 
tain  the  approximate  weij^t  of  blown  eggs  (e.  g.,  museum  specimens) 
and  also  the  approximate  fresh  weight  of  eggs  ^diich  had  been  stored 
for  various  lengths  of  time. 

The  data  used  for  this  determination,  as  for  the  other  regresfiion 
equations,  were  those  of  series  A.  Since  the  observations  were  some- 
what scattered  near  the  ends  of  the  range,  it  was  necessary  to  group 
the  data  in  somewhat  lai^er  classes  than  those  used  for  the  other 
equations.  As  may  be  seen  from  a  study  of  Tables  20  and  21,  tlie 
length  unit  chosen  was  1^  millimeters.  With  the  indicated  uaits, 
distributions  of  the  weights  of  the  eggs  falling  in  each  length-breadth 
compartment  were  then  made.  The  mean  weight  of  the  ^gs  falling 
in  each  compartment  was  taken  as  the  observed  weight  for  eggs  of 
the  indicated  length  and  breadth.  These  observed  weights  are  given 
in  the  tables  in  heavy-faced  type,  while  the  theoretical  weights  deter- 
mined from  the  equations  are  given  in  light-faced  type. 

It  may  be  observed  here  that  the  regression  surface  could  be 
represented  by  erecting  perpendicular  ordinates  from  the  center  of 
each  compartment,  with  the  height  of  each  ordinate  proportional 
to  the  weight  of  the  eggs  in  the  class.  A  surface  connecting  the 
tops  of  these  ordinates  is  the  observed  regression  surface  showing 
the  relation  of  egg  weight  to  length  and  breadth. 

As  stated  above,  the  first  attempt  to  graduate  this  paraboloid 
surface  was  made  with  the  abbreviated  general  equation: 

0      c 

For  convenience  ^  and  -  may  be  represented  by  }  and  r,  and  the 
equation  becomes 

where  0= weight,  a; = length,  and  2/ »  breadth.    The  constants  of  this 
equation  were  evaluated  by  the  method  of  least  squares. 
The  equation  arrived  at  by  this  means  was  as  follows: 

Ff.  =  0.00833  (Lf.)»+ 0.01987  (Br.)* -6.1270 

From  this  equation  the  theoretical  weights  of  eggs  having  the 
mean  length  and  breadth  of  each  class  in  Table  20  were  calculated. 
These  results  are  shown  in  the  table  in  light-faced  type. 
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TiLBLE  20. — Shomng  the  observed  (bold-faced  fiffures)  and  aUeuiated  {light-faced  Jigures) 
mean  egg  weights  associated  with  particular  length  and  breadth  dimensions. 


Egg  breadth,  tn  miUimeterB. 

».  DO- 

38.75- 

30.60- 

4a  25- 

^1.00- 

41.75- 

42.50- 

43.25- 

44.00- 

44.75- 

45.50- 

4a  25- 

SS.  74 

30.40 

4a  24 

40.00 

41.74 

42.40 

43.24 

43.00 

44.74 

45.40 

4a  24 

4a  00 

'  49.(W».4 

43.75 

44.01 

48.00 

/4S.66 
\47.20 

W.51 

40.75 

61.02 

52.31 

53.62 

54.05 

5a  31 

57.00 

60.5-61.9 

/4108 
\45.02 

}46.17 

47.37 

/47.71 
\48.56 

}40.77 

/68.14 
\51.01 

68.68 

52.28 

6188 

53.67 

54.88 

6a  21 

57.58 

5a  06 

62.0^.4 

46.32 

147. 04 
147.47 

46.84 

48.65 

48.61 

40.85 

^60. 44 

51.07 

'68.80 
52.31 

68.65 

63.58 

66.08 

54.87 

5a  18 

67.51 

68.87 

6a25 

1 

63.6^54.0 

r4ft.65 
47.65 

46.01 

48.81 

40.01 

40.08 

40.76 

51.18 

62.26 
52.41 

68.80 

53.65 

66.48 

54.02 

67.68 
56.71 

67.89 
57.52 

}58.85 

6a21 

61.50 

66.0-66.4 

47.18 

4S.98 

40.66 

61.44 

63.86 

66.88 

67.10 

69.48 

61.04 

68.67 

6L58 

62.06 

g 

\40.03 

60.18 

61.36 

52.66 

63.78 

55.02 

56.20 

67.58 

53.80 

60.23 

B 

66.5-67.0 

5a  44 

/48.7S 

6a4» 

68.79 

64.67 

56.86 

68.66 

6a  48 

61.46 

66.78 

^00 

/6a48 
\  64.37 

\51.50 

62.77 

63.07 

55.10 

56.44 

57.70 

58.09 

60.30 

61.64 

6a.  0^.4 

6L88 

/60.08 

62.61 

64.00 

66.60 

68.48 

61.08 

62.15 

66.80 

68.08 

67.64 

}  65.82 

\53.04 

54.22 

65.42 

66.64 

57.80 

50.15 

60.44 

61.75 

63.00 

64.44 

d 

59.6-«a0 

63.38 

/M.45 
\54.53 

68.64 
65.71 

66.71 
66.01 

67.00 

58.13 

60.41 
50.37 

68.20 

6a  64 

}61.03 

/66.07 
163.24 

67.88 
64.57 

|6a03 

67.31 

M 

6L  0-62.4 

64.00 

\56.06 

}57.23 

/67.08 
\58.43 

60.68 
60.65 

}6aoo 

62.17 

/67.68 
\63.45 

^64.77 

6a  10 

67.46 

6a  88 

s 

63.6-63.0 

56.46 

57.62 

jSs;" 

67.86 
60.00 

}61.22 

62.46 

{63.73 

69.47 

65.02 

}6a33 

67.66 

6a  02 

7a  40 

64.0-65.4 

58.06 

{so!  22 

ea85 

}6a30 

61.50 

62.82 

64.06 

65.33 

6a  62 

67.93 

6a25 

7a  62 

71.00 

65.6-66.0 

60.70 

62.03 

63.23 

64.46 

65.70 

66.06 

68.25 

60.56 

7a  00 

72.26 

73.63 

67.0-68.4 

61.37 

62.63 

63.71 

64.01 

66.13 

/66.64 
\67.87 

}«.« 

60.03 

71.24 

72.57 

73.03 

75.31 

From  this  table  we  note  the  following  points: 

1.  If  the  observed  and  calculated  weights  for  classes  falling  near 
the  center  of  the  table  are  compared^  they  clearly  agree  very  closely. 
In  a  few  cases  the  difference  reaches  as  much  as  1  gram,  but  these 
differences  balance  each  other.  The  general  effect,  then,  is  to  smooth 
out  the  irregularities  of  the  observations,  and  for  the  center  of  the 
table  the  graduation  must  be  regarded  as  excellent. 

2.  However,  a  good  fit  for  the  center  of  the  table  was  obtained 
from  the  multiple  linear  equations.  It  is  at  the  ends  and  sides  of 
the  table  that  the  real  test  comes.  We  may  compare  first  the  col- 
umns of  the  table.  In  the  first  colunm  on  the  left  side  there  are 
three  observations.  In  each  of  these  cases  the  observed  weight  is 
less  than  the  calculated  by  approximately  2  grams.  In  the  second 
colunm  on  "this  side  there  are  eight  observations,  and  here,  with  the 
exception  of  two  cases,  the  observed  weights  are  markedly  less  than 
the  calculated.  The  same  is  true  to  a  somewhat  less  degree  of  the 
third  column. 

3.  Passing  to  the  right  side  of  the  table,  it  will  be  seen  that  here 
the  observed  weights  are  significantly  larger  than  the  calculated. 
Thus,  in  the  third  column  from  the  right  there  are  four  observations 
in  which  the  observed  weight  exceeds  the  calculated  by  from  2.4 
grams  to  nearly  5  grams. 
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4.  At  the  top  and  bottom  of  the  table  it  is  also  seen  that  there 
is  considerable  discrepancy  between  the  observed  and  calculated 
weights. 

5.  There  is,  then,  a  marked  tendency  for  the  calculated  weights  to 
overestimate  the  observed  weight  in  the  case  of  narrow  eggs  and  to 
underestimate  it  in  the  case  of  broad  eggs.  There  is  also  a  slight 
tendency  to  underestimate  the  weights  of  both  very  long  and  very 
short  eggs.  The  observations  at  the  top  and  bottom  of  the  table, 
however,  are  too  few  and  based  on  too  small  a  number  of  egga  to 
make  this  point  entirely  certain. 

The  constants  to  this  equation  were  calculated  twice  independently, 
and  there  do  not  appear  to  be  any  significant  arithmetical  errors  to 
explain  the  discrepancies. 

In  view  of  the  unsatisfactory  graduation  obtained  with  this  equa- 
tion it  was  decided  to  employ  more  constants.  Accordingly,  the 
complete  general  equation  for  this  type  of  surface  was  used,  viz: 

This  was  also  evaluated  by  the  method  of  least  squares.  The  solu- 
tion of  this  equation  involved  a  considerable  amoimt  of  arithmetical 
work. 

The  final  equation,  stated  in  terms  of  the  egg  characters,  was: 

WL  =  0M9SLt.  -  0.0426Br.  +  0.0172  {Lty + 0.0322  (Br.y  -  56.6665. 

The  results  obtained  with  this  equation,  while  better  than  in  any 
of  the  previous  cases,  were  still  not  entirely  satisfactory.  Since  con- 
siderable time  had  already  been  spent  in  calculating  these  equations, 
it  was  decided  to  try  to  modify  the  present  formula  empirically  rather 
than  to  make  a  new  assumption  and  calculate  another  equation. 
This  method  of  procedure  has  a  precedent  in  much  of  the  curve 
fitting  that  is  regularly  done,  e.  g.,  in  the  usual  way  of  dealing 
with  certain  logarithmic  cmrves. 

The  method  followed  was  to  take  the  equation  given  above  as  a 
basis  and  then  to  modify  its  constants  by  small  amounts  so  as  to 
produce  the  desired  effect,  which  was  tested  by  interpolation.    After  . 
a  number  of  attempts,  the  following  equation  was  reached: 

Wt « 1.0513Lt.  -  0.04265r.  -  0.00069  (Lty  +  0.0322  (JBr.y  -  56.6665. 

The  theoretical  weights  for  the  various  classes  were  calculated  from 
this  equation,  with  the  results  shown  in  Table  21. 
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Tablb  21. — Showing  the  obgerved  {hold-faced  fiavaret)  and  calculated  {Upht/aeed  figures) 
mean  egg  weights  associated  with  particular  length  and  breadth  dimensions. 


BreBdth,  in  mlllimeten. 

3S.0OH 

88.75-j 

39.60- 

40.25H 

41.00- 

41.76H 

42.50H 

43.25- 

44.00H 

44.75H 

45.50- 

46.26- 

3&74 

39.49 

40.21 

40.99 

41.74 

42.40 

43.24 

43.99 

44.74 

45.49 

46.24 

46.99 

40.0^6a4 

39.88 

41.72 

43.69 

/48.66 
146.50 

47.45 
4^93 

40.43 

51.36 

53.60 

6&60 

57.72 

69.88 

6Z08 

fia  6-61.0 

fllM 
141-37 

}43.21 

45.08 

/47.71 
\46.99 

/6S.U 
\50.02 

68.62 

52.93 

64.26 

64.99 

67.08 

59.20 

61.87 

63.57 

52.<MS&4 

42.86 

/47.94 
\44.69 

46.84 

46.57 

48.61 

48.47 

60.44 

50.42 

61.20 

52.40 

63.66 

54.42 

56.08 

56.47 

68.56 

60.69 

62.85 

66.05 

1 

616-64.0 

/46.66 
\44.34 

46.01 

46.17 

40.01 
48.06 

40.76 

40.96 

62.26 

5L0O 

68.80 

53.88 

66.43 
55.90 

67.62 

57.95 

67.80 

60.04 

Wn 

64.33 

66.53 

s 

66.0-6flw4 

/47.1S 

46.98 

40.56 

61.44 

63.26 

66.82 

67.19 

60.48 

61.04 

62.67 

}66.81 

68.01 

B 

\46u82 

47.65 

49.63 

51.47 

53.38 

55.36 

57.38 

50.44 

61.52 

63.66 

3 

66.6-67.0 

47.29 

/49.7J 
\49.13 

60.40 

62.70 

64.07 

66.86 

68.66 

60.42 

61.46 

66.72 

«7.29 

/  68.48 
\  60.49 

g 

61.00 

52.91 

64.83 

56.84 

58.86 

60.91 

63.00 

65.13 

4 

68.0-60.4 

48.76 

/60.06 

6161 

6190 

65.50 

68.43 

61.08 

62.16 

66.80 

68.08 

67.64 

}7a96 

\6a60 

62.48 

54.38 

56.33 

58.31 

60.33 

62.38 

64.47 

66.60 

68.76 

€ 

66L6-«)L0 

60.24 

/iO.46 
\62.07 

62.64 

53.95 

66.71 

55.85 

67.90 

57.80 

60.41 

69.78 

62.20 

61.80 

}63.85 

/66.07 
\65.94 

67.88 
68.07 

}7a23 

72.48 

S 

61. 0-42.4 

61.84 

/66.06 
\63.68 

}55.56 

/67.66 
\67.46 

60.68 
50.41 

}61.39 

63.41 

/67.6S 
\65.46 

67.65 

-60.68 

71.84 

74.04 

62.6-63.0 

68.17 

66.01 

/64.60 
\56.88 

67.86 

68.79 

}«0.73 

62.72 

/6162 
\64.73 

60.47 
66.79 

68.88 

71.00 

73.17 

75.87 

64.0-66.4 

64.63 

/66.94 
\56.47 
67.93 

)6&34 

6a  25 

62.20 

64.18 

66.20 

68.25 

70t34 

72.47 

74.63 

76.88 

66.6-66.9 

66.09 

^60.80 

61.71 

63.66 

65.64 

67.66 

00.71 

7L80 

73.08 

76.09 

78.29 

67.048.4 

67.66 

69.40 

61.26 

68.17 

66.11 

{67!  10 

}60.11 

7L17 

73.26 

76.38 

77.66 

79.76 

A  study  of  the  obseryed  and  calculated  weights  in  this  table  shows 
that  the  graduation  is  much  better  than  in  the  other  cases. 

While  there  are  still  some  discrepancies;  it  will  be  seen  that  these 
are  evenly  distributed  over  the  table.  The  plus  and  minus  devia- 
tions practically  offset  each  other.  As  a  matter  of  fact  the  sum  of 
the  deviations  in  which  the  calculated  weight  exceeds  the  observed 
gives  a  total  of  28.086  grams,  while  for  cases  in  which  the  observed 
weight  exceeds  the  calculated  the  sum  is  27.368  grams.  Thus  the 
total  deviation  in  both  directions  for  the  70  observed  classes  is  55.454 
grams,  giving  a  mean  deviation  of  0.792  gram. 

It  is  further  seen  that  in  relatively  few  instances  do  the  calculated 
and  observed  weights  differ  by  more  than  about  1  gram.  Greater 
deviations  are  nearly  always  in  classes  where,  only  a  single  egg  has 
furnished  the  ''observed"  record.  Thus  the  largest  single  deviation 
for  any  class  is  f oimd  in  the  second  column  and  the  third  row.  Here 
the  observed  weight  exceeds  the  calculated  by  3.249  grains.  This 
observation  is  based  upon  the  weight  of  a  single  e^.  Comparing  its 
observed  weight  with  those  which  are  near  it  in  the  other  classes,  it 
is  clear  that  it  is  larger  than  it  should  be. 

In  five  other  cases  the  differences  between  the  observed  and  calcu- 
lated weights  reach  2  grams.  In  four  of  these  cases  the  observed 
data  are  from  single  eggs,  while  in  the  other  case  the  observation  is 
based  on  two  eggs,  in  one  of  which  the  observed  weight  is  consider- 
ably too  high;  as  shown  by  other  eggs  in  near-by  columns. 
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Since  the  preceding  discussion  of  r^ression  has  been  rather  ex- 
tended, it  seems  desirable  to  collect  together  here  in  one  place  the 
various  regression  formulsB.  This  will  then  be  followed  by  a  discus- 
sion of  tests  of  some  of  these  various  formulsB  on  random  samples 
of  eggs. 

Table  of  regrestion  eq%taHon$. 

(1)  Wt.  -1.1229  Lt.   -  7.9792.    (See  p.  207.) 

(2)  Wt.  =2.8035  Br.  -62.2483.    (See  p.  208.) 

(3)  Wt.  =1.0704  Bit.-  0.2681.    (See  p.  209.) 

(4)  Btt.=1.0203  Lt,  -  6.6879.    (See  p.  207.) 

(5)  JB£b.=2.6431  Br.  -58.9081.    (See  p.  208.) 

(6)  J5tt.=0.8979  Wt.  +  2.2563.    (See  p.  209.) 

(7)  Wt.  =0.994i  Lt.  +  t.6595Br.  -112.2168.  (See  p.  216.) 
(S)  Wt.^O.OibdLt.  +  1.055SBlk.-  2.0809.  (Seep.  216.) 
(9)  Wt.  =1.0978  Blk.-  0.0980  Br.  +    2.4157.    (See  p.  216.) 

(10)  J8tt.=0.0182  Lt.  +  0.89t5  Wt.  +     1.5336.    (See  p.  216.) 

(11)  £a;.=0.4163  Br.  -f  0.7942  Wt.  -    9.4630.    (See  p.  216.) 

WBIOHT  ON  LBNOTH. 

(12)  y^=1.260LCp-0.093a^*+0.5299.    (See  p.  211.) 

BULK  ON  LBNOTH. 

(13)  yaip=1.1607ip-0.0952x^»+0.5420.     (See.p.  211.) 

WBIOHT  ON  LBNOTH — ^PARABOLAS  (METHOD  OF  MOMENTS). 

(14)  y-56.1367|l-H).1328(jM.   (Seep. 212.) 

(16)  ^-56.136711.0218+0.13280^-0.0654^-^)*}.   (See  p.  212.) 

(16)  y=56.1367|l.O218+O.O7240)-O.O654(jy+O.lOO70y}.   (See p.  212.) 

(17)  y=56.13G7|l.O256+O.O7240)  -0.1037 0y+O.lOO70y+O.O447(-jy}. 

(See  p.  212.) 

(18)  y=56.1367{l.O256+O.12740^  -O.lO37(-jy-O.15620y-f  O.O4470y 

+0.23120)}.   (See p.  212.) 

(19)  y=56.1367|l.O87O+O.12740)  -1.39250y-O.15620y+3.91120y 

+O.23120y-2.83540y}.   (See  p.  212.) 

BT7LK  ON  LENGTH — ^PARABOLAS  (MBTHOD  OF  MOMENTS). 

(20)  y=52.5O44|l+O.12880)}.   (See  p.  212.) 

(21)  y=62.5O44|l.O2O3+O.12880)-O.O61O0y}.   (Seep.  212.) 

(22)  y=52.5044|l  .0203+0.07180)  -0.06100) '+O.O9260)'}.    (See  p.  212.) 
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(23)  y-52.5044|l.0287+0.0718^ j)  -0.145o(^)'+^-^26(-jY+0.098o(^Y}. 

(See  p.  212.) 

(24)  y-62.6044|l.0287+0.1169(-y^ -O.HSO^-jV-O.llM^ jV-f 0.098o(-j V 

+0.1836(-j V}.   (See p.  213.) 

(25)  y-62.6044|l.0904+0.1169(Y) -f  1.2305(y y--0.1114(yY+13.5362(-yy 

4-0.1836^y V-f  11.7305^1-)*}.   (See  p.  213.) 

WEIGHT  ON  BREADTH — PABABOLAB  (METHOD  OV  LBABT  SQUABBS). 

(26)  m.«2.793  Br. -61.345.    (See  p.  214.) 

(27)  m.-0.111(Br.)'-6.620J5r. 4-136.855.    (See  p.  214.) 

BULK  ON  BREADTH. 

(28)  J5flb.-2.692  Br.  -60.558.    (See  p.  214.) 

(29)  Btt.—0.043  (Br.)>-2.347  J5r.-f  31.598.    (See  p.  214.) 

WEIGHT  ON  LENGTH  AND  BREADTH. 

(30)  m.«0.0083  (L«.)»-f  0.0199  (Br.)«- 6.1270.    (See  p.  218.) 

(31)  m. =0.0198  X^ -0.0426  -Br. +0.0172  (2:^)«+0.0322  (JBr.)*-56.6665. 

(32)  Trt.-1.0513  L^ -0.0426  Br. -0.00069  (L^)«+0.0322  (Br.)»-56.6665. 

TESTS  OF  BEOBESSION  EaUATIONS. 

A  t68t  of  certain  of  the  regression  equations  was  made  on  a  random 
sample  of  20  eggs  from  Series  A.  Starting  with  egg  No.  1,  every 
fifteenth  egg  which  had  been  used  in  the  origiQal  data  was  selected 
imtil  20  were  obtained.  The  theoretical  weight  of  each  of  these  20 
eggs  was  calculated  by  selected  equations  and  the  difference  between 
this  and  the  actual  weight  of  the  egg  was  found  in  each  case.  The 
mean  deviation  regardless  of  sign  was  taken  as  the  measure  of  accu- 
racy of  the  estimation. 

Only  the  equations  for  estimating  the  weight  have  been  used  in 
this  test,  and  in  the  case  of  the  parabolas  only  those  which  have  been 
shown  to  give  the  best  fits. 

In  Table  22  the  actual  weight  of  the  eggs  used  is  given  in  the 
second  column.  In  each  succeeding  column  there  is  given  the  dif- 
ference between  the  observed  and  calculated  weights.  Appropriate 
signs  indicate  the  direction  of  the  deviation  in  each'case.  Thus  when 
the  calculated  weight  is  lai^r  than  the  observed,  the  sign  is  +  and 
when  smaller  the  sign  is  — .  The  nimibers  at  the  tope  of  the  columns 
refer  to  the  equation  numbers  as  given  on  pages  222-223.  The  total 
and  mean  deviations  are  given  at  the  bottoms  of  the  colimons.  The 
column  of  the  observed  weights  shows  whether  the  egg  was  excep- 
tionally heavy  or  light  as  compared  with  the  mean  weight  of  eggs  of 
this  series  as  given  in  Table  2. 
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Tabus  22. — Showing  the  remdU  giwen  by  dxjfeteni  regnuion  eqwaJtionM  on  a  random 

mtmple  ofegg%. 


From  this  table  it  is  seen  that  five  of  the  equations  tested  give  an 
average  error  of  less  than  1  gram  in  the  prediction  of  the  weight  c»f 
these  20  eggs.  This  means  an  error  of  about  2  per  cent.  It  would 
appear  that  this  is  probably  about  as  close  as  it  is  possible  to  approx- 
imate to  the  weight  of  an  egg  by  means  of  regression  equatioxis  based 
on  linear  dimensions. 

Comparing  the  different  equations  it  is  seen  that  the  best  result 
on  the  20  eggs  taken  for  the  test  is  given  by  equation  No.  8,  which  is 
the  multiple  linear  regression  equation  for  weight  on  length  and  bulk 
The  computed  bulk,  of  course,  involves  the  breadth  of  the  ^g.  It 
has  been  shown  earlier  in  this  bulletin  that  the  bulk  calculated  by  the 
formula  here  used  gives  a  close  approximation  to  the  true  volume. 
So  virtually  equation  8  is  for  the  regression  of  weight  on  the  length 
and  volume  of  the  egg. 

It  is  of  interest  to  note  that  in  spite  of  the  fact  of  nonlinearity  of 
the  weight  regressions  in  general,  nevertheless  a  linear  equation 
when  tested  on  a  random  sample  of  eggs  gives  as  good  a  result  as  the 
best  of  the  nonlinear  equations. 

If  the  weight  of  the  ^g  is  to  be  estimated  on  the  basis  of  but  a 
single  linear  dimension,  breadth  is  apparently  slightly  the  better 
dimension  to  choose,  and  equation  2  the  best  equation.  Here  again 
we  see  the  regression  line  giving  a  better  result  than  either  the  best 
fitting  straight  line  to  the  unweighted  means  or  the  second  order 
parabola  fitted  by  least  squares,  even  though  the  latter  fits  the 
observed  r^ression  line  better  than  the  regression  equation  2. 
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The  imderlyiBg  purpose  with  which  this  investigatioii  of  regression 
was  undertaken  was  to  test  concretely  whether  the  true  theory  of 
regression  which  takes  account  of  the  variabilities  of  the  related 
characters  would  give  distinctly  better  results  than  the  simple 
graduation,  by  least  squares  or  moments,  of  the  observed,  unweighted 
regression  means.  On  theoretical  grounds  there  could  be  no  doubt  as 
to  the  outcome.  It  is  a  source  of  some  satisfaction,  however,  to  have  a 
concrete  and  practical  demonstration  that  even  though  we  may  fit 
with  a  theoretical  curve  or  surface  the  observed  regression  points  or 
surfaces  much  closer  than  they  are  fitted  by  the  true  regression 
equations,  nevertheless,  when  the  resulting  prediction  formulae  are 
tested  on  random  samples  from  the  same  population,  no  substantial 
gain  in  accuracy  of  prediction  is  obtained.  On  the  contrary,  in  not  a 
few  cases  the  results  will  be  distinctly  worse  than  with  a  true  regres- 
sion equation,  even  though  the  latter  involves  fewer  characters. 

VARIATION  AND  COBBELATION  IN  THE  EGGS  OF  WIIJ>  BIRDS  AS 
COHPABED  WITH  THE  DOMESTIC  FOWL. 

Under  conditions  of  domestication  it  is  obvious  that  there  can  be 
no  natural  selection  of  the  fowl  on  the  basis  of  physical  characters 
of  the  egg.  Furthermore,  in  the  stock  which  furnished  the  data  of 
Series  A  there  has  been  no  artificial  selection  in  respect  to  size,  shape,  or 
color  of  eggs,  at  least  for  a  considerable  period  of  years.  It  is  evident, 
then,  that  whatever  degree  of  variation  is  exhibited  in  tHs  stock  in 
respect  to  these  characters  is  independent  of  any  influence  of  selection. 
On  the  other  hand,  it  has  been  generally  assumed  by  followers  of  the 
neo-Darwinian  school  of  evolutionary  philosophy  that  the  eggs  of 
wild  birds  have  been  and  are  the  objects  of  natural  selective  proc- 
esses, and  that  their  characteristics  in  respect  of  size,  shape,  and 
color  are  in  some  degree  determined  by  natural  selection.  This 
conclusion  has  been  definitely  stated  by  Latter*  for  the  cuckoo's 

In  view  of  these  considerations  it  is  of  interest  to  compare  the  eggs 
of  the  domestic  fowl  with  those  of  wild  birds  in  respect  of  variation 
and  correlation.  Considerable  material  is  available  for  such  com- 
parison. 

First  may  be  considered  variation  and  correlation  in  the  egg  of 
CcTvua  JTugHegus  L.  The  data  here  analyzed  for  this  form  are 
those  pubUshed  some  years  ago  by  Tur.^  In  his  discussion  of  the 
data  Tur  considered  only  simple  variation  and  calculated  no  correlar- 
tions.    The  data  include  200  eggs.     One  hundred  and  eighty-eight 

1  Latter,  O .  H.  The  Egg  of  Caculus  canonis.  An  Enquiry  Into  the  Dimensions  of  the  Cuckoo's  Egg  and 
the  Relation  of  the  Variation  to  the  Sise  of  the  Eggs  of  the  Foster  Parent,  with  Notes  on  Coloration,  etc. 
BiometHka,  Vol.  I,  pp.  164-176,  lfl02. 

s  Tur,  Jan.  Wahania  Indywlduahie  JaJ  gawrona  ( Corvtu  fru^Ugw  L.),  cebranych  w  Wilanowie  prod 
Warsttws  w  kwletniu  r.  1906.    Pamletniln  Fiziograflccnego,  T.  XIX,  pp.  (of  reprint)  1-15, 1906. 
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of  these  were  collected  from  73  nests.  The  remainder  were  ''extra" 
eggs,  for  which  the  history  was  not  known.  In  forming  the  correla^ 
tion  tables  from  these  data  we  made  use  of  units  of  grouping  some- 
what different  from  those  used  by  Tur  in  his  calculations  of  the  fre- 
quency constants.  This  accounts  for  the  shght  discrepancies  between 
his  values  and  those  here  tabled. 

In  Table  23  are  given  the  variation  constants  for  the  eggs  of  the 
rook. 

Table  23. — Constanta  for  vcariaiiim  in  the  egg  of  Corvut  frugilegus  L .    ( Twr '»  data.) 


Character. 


Mean. 


Standard 
deviatiam. 


CoefBdentof 
variation. 


CoefBcientof 
variation  for 


charMSteESoi 
ibwls'^gga 

{from. 
Table  2). 


Diflcnnoe 

between 

rook  and 

IbwlooefB- 


Length mm.. 

Bread  tb do.... 

Weight gm . . 


40.026i:0.103 
28.183±  .040 
10.835±  .071 


2.156±a073 
.843i:  .028 
\.4Sn±  .050 


5.387±0.182 
2.9B2i:  .101 
9.166i:  .312 


4.237±a006 
3.287±  .074 
8.364:fe  *180 


+1.150±a205 
-  .206:fe  .125 
4-  .8Q2±  .365 


The  coefficients  of  correlation  for  these  characters  of  the  rook's  egg 
are  as  follows: 

Correlation  of  length  and  breadth,  r=«  0.267  ±0.046. 

Correlation  of  length  and  weight,  r= 0.672  ±0.026. 

Correlation  of  breadth  and  weight,  r= 0.844  ±0.013. 

Of  these  constants  only  the  coefficients  of  variation  and  correlation 
are  directly  comparable  between  the  fowl  and  the  rook.  By  reference 
to  Table  2  it  will  be  seen  that: 

1.  The  relative  variation  and  the  degree  of  correlation  are  of  the 
same  general  order  of  magnitude  in  the  case  of  the  egg  of  the  fowl  and 
that  of  the  rook.  There  is  no  evidence  whatsoever  of  that  consider- 
able increase  in  variability  in  the  fowl's  egg,  which  on  a  priori  grounds 
might  be  supposed  to  result  from  the  cessation  of  selection,  both 
natural  and  artificial,  with  reference  to  the  characters  under  dis- 
cussion. 

2.  The  egg  of  the  rook  is  7Yu>re  variable  in  length  than  that  of  the 
fowl,  to  a  degree  which  is  statistically  significant.  In  the  case  of 
weight  the  rook's  egg  \a  also  more  variable  than  the  fowl's.  The 
difference,  however,  is  only  a  little  more  than  twice  the  probable  error 
and  can  not  safely  be  regarded  as  statistically  significant. 

3.  The  egg  of  the  rook  is  somewhat  less  variable  in  breadth  than 
the  fowl's  egg,  but  the  difference  is  probably  not  significant. 

In  considering  these  differences  in  variation  it  must  be  remembered 
that  the  rook's  eggs  are  in  clutches,  and  do  not  represent  the  product 
of  200  different  individuals.  On  this  account  they  might  be  expected 
to  be  somewhat  less  variable  than  the  hens'  eggs.  In  spite  of  this 
factor  and  in  spite  of  any  putative  influence  of  natural  selection,  the 
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eggs  of  the  rook  exhibit  grecUer  relative  variability  than  hens'  eggs 
in  respect  to  two  out  of  three  characters  measured. 

A  similar  comparison  of  a  wild  bird's  eggs  with  those  of  the  domestic 
fowl  may  be  made  for  the  English  sparrow  (Passer  domesticiLs), 
Pearson  *  has  published  the  variation  constants  for  tolerably  long 
series  of  the  eggs  of  this  bird,  including  both  his  own  and  Bumpus' 
series  of  measurements  on  English  birds,  and  the  American  series  of 
Bumpus.  This  comparison  is  made  in  Table  24.  Another  character 
the  breadth/length  index,  may  be  compared  in  this  case.  For  this 
character  the  standard  deviations  are  directly  comparable. 

Table  24. — Showing  the  relative  variahUity  of  eggs  of  (a)  Pauer  domesticus  and  (b)  th€ 

domesticfowl. 


Chancter. 


English 

series 

(Pearaon). 


English 

series 

(Bumpus). 


American 

series 
(Bumpus). 


Fowl. 


Length  (coefficient  of  variation). 
Breadth  (ooefflcient  of  variation) 
Index  (standard  deviation) 


5.47 
3.38 
3.76 


4.01 


(^) 


4.92 


3.22 


(?) 


8.68 


4.24 
8.29 
3.70 


From  this  table  it  is  evident  that  the  sparrow's  and  the  hen's  egg 
are  substantially  equally  variable  in  dimensional  characters.  In 
respect  to  lengiJi  and  breadth  the  egg  of  the  sparrow  is  somewhat 
more  variable  than  that  of  the  fowl,  not  less  variablci  as  it  would  be 
expected  to  be  if  natural  selection  were  an  important  factor  in 
determining  the  degree  of  variation  exhibited  by  birds'  eggs.  None 
of  the  differences  in  Table  24  can  be  regarded  as  statistically  signifi- 
cant. In  other  words,  the  egg  of  the  wild  bird  is  neither  more  nor 
less  variable  than  that  of  the  domesticated  fowl  in  this  case. 

Table  25  gives  the  coefficients  of  variation  for  egg  length  and  egg 
breadth  in  a  number  of  different  species  of  wild  birds,  as  determined 
by  Latter,*  for  comparison  with  the  fowl. 

Table  25. — Showing  the  relative  variahUity  of  eg^a  of  (a)  varioua  species  of  wild  birds, 

and  (b)  the  domestic  fowl. 


Species. 

Coefficient 

of 
variation 

Ck»efficient 

of 
variation 

- 

Coefficient 
of 

variation 
for  egg 
lengOi. 

Coefficient 

of 
variation 

Cuckoo 

4.72 
4.61 
3.64 
3.68 
6.96 
8.17 
3.49 
6.87 

3.93 
3.62 
2.50 
1.94 
2.52 
2.53 
2.97 
3.84 

House  sparrow 

5.47 
4.02 
4.24 
3.49 

3.38 

Blackbird 

2.81 

84>lg  thrush 

Robin 

3.09 

StWliiw 

MUTlflt 

2.60 

Wairtafis 

MeanCnnweighted) 
Domestic  fowl 

Ymow\u^nma........... 

4.48 
4.29 

2.98 

TreeDipit 

3.79 

Meadow  pipit 

>  Pearson,  K.    Variation  of  the  Egg  of  the  Sparrow  {Paaaer  damettkw),     Biometrika,  Vol.  I,  pp.  256-257, 
1902. 
s  Latter,  O.H.    Loo.  dt.,  p.  176. 
I A  mixed  series, 
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From  this  table  we  see  that  again  the  wild  birds'  eggs  are  more 
variable  on  the  average  in  length  than  are  those  of  the  domestic  fowl. 
The  difference  here  is  probably  not  significant.  It  indicates  merelj 
that  the  domestic  fowl  is  certainly  not,  as  might  have  been  supposed 
to  be  the  case  on  a  'priori  groimds,  more  variable  than  wild  birds  in 
respect  to  egg  length. 

In  breadth  the  eggs  of  the  fowl  show  a  higher  coefficient  than  the 
average  for  the  wild  birds.  In  view  of  the  other  facts  set  forth  in  this 
sectioni  however,  probably  but  little  significance  can  be  attached  to 
this  result.  It  may  be  related  to  the  greater  laying  activity  of  the 
domesticated  bird,  as  a  result  of  which  the  muscular  tonus  of  the  wall 
of  the  oviduct  is  not  so  precisely  maintained  at  a  given  point  as  in  the 
case  of  wild  species  laying  but  a  few  eggs.  This  su^estion  is  purely 
hypothetical,  however.  It  is  not  yet  clear  by  any  means  that  the 
eggs  of  wild  birds  are  in  general  actually  less  variable  in  breadth  than 
those  of  the  domestic  fowl. 

Considering  all  the  facts  set  forth  in  this  section  together,  they 
seem  to  us  to  make  it  highly  probable  that  the  essential  factors  con- 
cerned in  the  determination  of  the  degree  of  variation  in  size  and 
shape  exhibited  by  birds'  eggs  are  purely  physiological  and  in  no 
direct  or  immediate  way  (if  at  all)  related  to  the  action  of  natural 
selection.  The  physiological  mechanism  concerned  in  the  determina- 
tion of  the  shape  and  size  of  a  bird's  eggs  involves  chiefly  the  secre- 
tory and  muscular  systems  of  the  oviduct.  This  mechanism  is  essen- 
tially similar  in  wild  and  domestic  birds.  It  seems  reasonable  to 
suppose  that  it  would  lead  to  the  same  sort  of  result  in  respect  to 
variation  of  product  in  the  one  case  as  in  the  other. 

It  certainly  does  not  appear  from  the  available  evidence  that  it  is 
essential  to  tJie  survival  of  a  wild  bird  that  its  eggs  shall  be  less  varia^ 
ble  than  those  of  the  domestic  fowl,  in  which  e^  variation  obviously 
had  no  survival  value  whatsoever. 

VABIATIOK  IN  THB  8IZB  OF  EGGS  IN  THB  INDrVXDTJAL  AS  GOX- 
PABED  WITH  THB  BAOE. 

So  far  we  have  considered  only  intraracial  variation  in  the  size  of 
eggs.  Clearly  egg  production  offers  an  excellent  opportunity  to  cany 
the  analysis  of  variation  further,  through  the  discussion  of  intra- 
individual  variation.  The  same  bird  produces  a  considerable  number 
of  eggs  in  the  course  of  a  year.  How  much  variation  is  shown  by  the 
eggs  of  the  same  individual  bird  as  compared  with  that  exhibited  by 
the  flock  or  race  as  a  whole  ?  Poultrymen  are  generally  impressed 
with  the  similarity  of  the  eggs  of  the  same  bird,  which  is  indeed 
striking  in  some  cases.    On  the  other  hand,  as  will  presently  appear, 
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there  are  other  individuals  whose  eggs  vary  among  themselves  quite 
as  much  or  even  more  than  do  the  eggs  of  the  flock  or  the  race. 
Individuality  of  a  bird  in  respect  to  nonuniformity  (i.  e.,  varia- 
bility) of  its  product  is  just  as  definite  and  real  a  phenomenon  as  is 
the  more  commonly  known  individuality  in  respect  to  average  size, 
shape,  or  color  of  the  product. 

It  should  be  said  before  entering  upon  the  discussion  of  the  data 
that  intraindividual  variation  in  eggs  has  been  made  the  subject  of  a 
very  thorough  investigation  by  Dr.  Maynie  R.  Curtis,  working  in  this 
laboratory.  Her  researches  have  extended  over  a  period  of  yeai^. 
The  results  will  be  published  shortly.  The  discussion  of  the  data  in 
the  present  bulletin  is  only  preliminary  to  the  more  thorough  treat- 
mient  which  she  will  give  the  matter. 

The  material  for  the  present  treatment  of  intraindividual  variation 
in  eggs  (Series  B,  p.  176)  was  derived  from  100  Barred  Plymouth  Rock 
hens,  all  approximately  1  year  old  at  the  time  the  data  were  taken. 
These  birds  were  a  part  of  the  same  stock  which  furnished  the  data  for 
Series  A.  The  intraindividual  and  the  racial  data  are  therefore 
strictly  comparable  in  the  present  case.  Twenty-five  consecutive 
eggs  were  measured  from  each  of  the  100  birds,  double-yolked  or 
otherwise  abnormal  eggs  being  rejected.  The  eggs  were  taken  during 
the  spring  laying  cycle  (cf .  Part  II  of  this  study,  p.  99) ;  that  is,  in  the 
months  of  March,  April,  and  May.  Dr.  Curtis  has  shown  in  her 
unpublished  work  that  the  eggs  of  this  season  of  the  year  constitute 
an  almost  absolutely  perfect  random  sample  of  the  total  eggs  pro- 
duced during  the  year.  This,  of  course,  demonstrates  the  validity 
of  the  present  data  for  the  use  to  which  they  are  put,  namely,  the 
study  of  intraindividual  variation.  The  length  and  breadth  of  each 
of  the  2,500  eggs  used  in  this  study  were  measured  to  hundredths  of  a 
millimeter.  Then  for  each  of  the  100  birds  the  mean,  standard 
deviation,  and  coefficient  of  variation  for  length  and  breadth  were 
calculated  from  the  sample  of  25  eggs.  In  making  these  calculations 
the  data  were  not  grouped. 

In  Table  26  the  constants  for  each  bird  are  given. 
33294^—1 
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Taale  26. — ConatanUfor  ir^axndmdual  variation  in  length  and  breadth  of  the  eggs  0/ 
100  Barred  Plymouth  Rock  hens. 


Length. 

Breadth. 

Length. 

Bnidth. 

4 

ll 

4 

"3  . 

k. 

«, 

■*« 

0, 

i 

i 

1 

ii 

1 

•21 

r 

Jl 

1 
1 

1 

S 

1 

OQ 

V 

1 

CQ 

1 

1 

68.08 

1.28 

3.40 

42.64 

a8i 

1.80 

53 

408 

57.60 

1.06 

1.83 

42.94 

0.50 

1.17 

3 

7 

66.14 

1.62 

2.88 

41.09 

.51 

1.25 

54 

409 

59.40 

1.73 

2.93 

45.33 

.66 

1.45 

a 

8 

55.64 

1.38 

2.49 

4X27 

.72 

1.09 

66 

419 

55.04 

1.48 

3.70 

41.31 

1.00 

142 

4 

10 

54.45 

1.76 

3.24 

40.61 

1.16 

2.86 

56 

414 

58.68 

1.48 

3.53 

43.38 

1.09 

2.52 

f 

IS 

56.38 

1.39 

2.51 

43.11 

.91 

2.16 

5? 

416 

56.36 

1.89 

3.35 

4166 

.80 

2.15 

« 

18 

57.23 

2.17 

3.79 

41.07 

1.00 

2.44 

58 

419 

64.89 

1.54 

3.80 

41.57 

.60 

1.44 

7 

19 

56.08 

2.31 

4.13 

40.01 

1.18 

2.94 

69 

42S 

56.86 

1.57 

3.76 

4L78 

.59 

1.41 

% 

20 

65.77 

1.38 

2.48 

42.73 

1.06 

2.47 

60 

434 

54.72 

1.36 

3.48 

43.15 

1.28 

2.98 

9 

21 

55.81 

1.84 

3.33 

41.08 

.61 

2.46 

61 

428 

58.73 

1.44 

2.66 

43L67 

.71 

1.G6 

10 

23 

52.10 

1.12 

2.14 

38.36 

.75 

1.95 

62 

434 

56.33 

L40 

3.48 

42.50 

.47 

1.10 

11 

27 

59.78 

1.87 

3.13 

42.06 

1.12 

2L06 

«3 

488 

56.20 

1.40 

3.41 

42.34 

.86 

1.96 

12 

39 

57.82 

1.50 

2.59 

42.90 

1.01 

2.35 

64 

441 

58.49 

L08 

3.38 

44.96 

.93 

2.08 

13 

42 

54.71 

1.23 

2.26 

43.71 

.48 

1.12 

65 

443 

54.92 

1.18 

3.14 

4L44 

.62 

LSI 

14 

62 

54.78 

1.73 

3.15 

41.49 

1.21 

2.92 

66 

443 

54.33 

1.07 

1.96 

41.23 

.60 

1.45 

15 

68 

68.69 

1.86 

3.18 

42.68 

.77 

1.81 

67 

444 

55  09 

1.03 

1.87 

48L3r 

.74 

1.78 

16 

61 

57.73 

2.45 

4.24 

41.39 

.76 

1.84 

68 

447 

51.08 

1.42 

2.63 

41.90 

.91 

2.17 

IT 

66 

57.89 

3.04 

3.53 

42.66 

.60 

1.63 

60 

450 

55.60 

1.61 

3.80 

43.90 

.87 

2.04 

18 

73 

53.97 

1.07 

1.98 

44.64 

.90 

2.01 

70 

C550 

56.82 

1.60 

3.98 

40.82 

.66 

1.59 

10 

87 

55.19 

1  29 

234 

41  61 

.47 

1.14 

71 

706 

56.28 

1.66 

3.94 

41.80 

1.2a 

2.99 

to 

90 

58.28 

1.66 

2.85 

42.57 

.66 

1.64 

72 

707 

54.72 

L47 

2.68 

38.87 

.93 

2.37 

U 

99 

56.27 

2.09 

3.71 

41.65 

.79 

1.91 

73 

709 

55.94 

2.68 

4.  TO 

40.79 

.73 

1.93 

22 

U2 

59.09 

1.63 

2.76 

40.36 

.64 

1.58 

74 

712 

53.32 

1.41 

2.65 

40.69 

.82 

2.01 

83 

113 

55.04 

1.24 

2.26 

42.69 

.61 

1.42 

75 

717 

57.10 

L82 

8.19 

41.70 

.87 

1.00 

34 

121 

54.78 

1.72 

8.15 

40.34 

.75 

1.86 

76 

725 

56.38 

1.86 

3.30 

40.49 

.98 

2.42 

26 

122 

54.16 

1.45 

2.67 

41.09 

.73 

1.77 

n 

726 

58.67 

2.42 

4.13 

41.87 

.96 

11« 

36 

129 

54.04 

1.61 

2.79 

41.94 

.98 

2.34 

78 

731 

66.42 

1.56 

2.76 

38.99 

1.32 

3.39 

27 

152 

55.55 

1.20 

2.27 

42.22 

.74 

1.74 

79 

732 

57.34 

1.42 

3.48 

41.60 

.70 

1.68 

28 

160 

58.80 

1.94 

3.29 

42.03 

.75 

1.78 

80 

734 

57.40 

2.00 

3.4^ 

89.62 

1.08 

2.72 

20 

C161 

60.63 

1.58 

2.64 

41.60 

.42 

1.00 

81 

743 

50.03 

3.84 

4.81 

43.33 

.80 

2.11 

30 

168 

66.10 

1.15 

2.05 

41.29 

.70 

1.71 

82 

744 

56.53 

1.61 

2.84 

43.90 

.83 

1.94 

81 

172 

54.35 

1.96 

3.61 

42.29 

.96 

2.31 

83 

745 

57.71 

3.67 

3.6^ 

4L5^ 

1.00 

2.68 

32 

185 

67.17 

.94 

1.64 

43.41 

.61 

1.41 

84 

749 

58.10 

1.22 

2l10 

43.08 

.40 

.94 

S3 

224 

56.23 

1.62 

2.87 

40.91 

.71 

1.74 

85 

752 

52.67 

1.81 

3.49 

39. 9S 

.67 

1.48 

34 

233 

55.00 

1.35 

2.45 

41.77 

1.19 

2.85 

86 

757 

55.52 

1.52 

2.74 

44.46 

.51 

1.14 

36 

243 

55.90 

1.60 

2.87 

43.14 

.61 

1.42 

87 

759 

58.04 

1.27 

2.19 

44.13 

.61 

1.15 

36 

352 

55.60 

1.27 

2.29 

40.73 

.72 

1.78 

88 

762 

65.01 
58.28 

1.11 

2.03 

42.67 

.64 

1.51 

37 

357 

54.14 

2.14 

3.95 

42.39 

1.33 

3.13 

89 

763 

1.64 

3.65 

43.18 

.43 

1.01 

38 

369 

56.24 

1.93 

3.43 

43.71 

.51 

1.17 

90 

764 

55.38 

1.52 

2.75 

42.86 

.5« 

1.36 

30 

367 

63.70 

1.33 

2.48 

39.34 

.84 

2.14 

91 

765 

55.10 

1.53 

3.78 

40.96 

.62 

1.52 

40 

374 

58.85 

1.82 

3.09 

44.22 

.95 

2.15 

92 

766 

52.41 

1.45 

3.76 

41.91 

.82 

1.95 

41 

375 

56.81 

1.45 

2.55 

43.29 

.57 

1.31 

93 

766 

55.54 

1.68 

3.03 

89.64 

.81 

2.06 

42 

377 

55.63 

2.00 

3.59 

41.08 

.76 

1.84 

94 

770 

55.01 

1.55 

3.82 

41.36 

.73 

1.73 

43 

381 

55.97 

1.47 

2.63 

41.68 

.88 

2.11 

96 

771 

57.28 

2.24 

3.91 

42.99 

.6^ 

1.59 

44 

382 

53.42 

1.42 

2.67 

41.03 

.95 

2.32 

96 

774 

52.95 

1.40 

2.64 

41.70 

1.71 

4.11 

4£i 

389 

56.34 

1.08 

3.51 

41.38 

1.08 

2.50 

97 

777 

55.37 

1.90 

3.43 

41.38 

.94 

3.77 

46 

393 

55.55 

2.04 

3.67 

40.17 

1.19 

2.95 

98 

784 

55.66 

.87 

1.56 

39.18 

.65 

1.65 

47 

396 

55.22 

1.75 

3.16 

42.01 

.97 

2.32 

99 

803 

57.59 

L83 

8.17 

42.41 

1.13 

2.66 

48 
49 
30 

397 

400 

.   401 

57.06 
55.65 
M.06 

1.36 
2.00 
2.18 

2.36 
3.59 
4.03 

43.48 
39.82 
43.24 

.37 
.44 
.96 

.86 
1.11 
2.23 

100 

1780 

53.90 

.84 

1.56 

42.77 

.64 

1.49 

a< 

nenU 

31 

402 

66.40 

1.94 

3.44 

40.61 

.6a 

1.S3 

J 

HMuoa 

68.00 

1.63 

2.80 

41.83 

.81 

1.97 

62 

406 

57.43 

2.25 

3.92 

40.87 

1.27 

3.10 

From  this  table  we  note  that: 

1.  There  is  a  great  diversity  among  these  100  birds  in  respect  not 
only  to  the  mean  size  of  the  eggs  produced  but  also  in  respect  to  the 
uniformity  of  the  product.  Some  of  the  birds,  as,  for  example, 
Nos.  185,  444,  784,  and  1780,  lay  ^gs  which  are  all  very  closely  alike 
in  size  (i.  e.,  show  little  variation).  On  the  other  hand,  other  birds 
lay  eggs  which  are  extremely  variable.  Examples  of  this  are  Nos. 
61  (in  length),  19,  709  (in  length),  774  (in  breadth).  The  relative 
variability  of  the  egg  is  plainly  a  definite  character  of  the  individual. 
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2.  There  is,  on  ihe  average,  a  considerable  reduction  in  Tariability 
as  we  pass  from  the  race  to  the  indiTidnal.  The  mean  length  and 
mean  breadth  deduced  from  the  individual  means  agree  almost 
exactly,  as  they  would  be  expected  to,  with  the  racial  means  from 
Series  A.  For  the  variabilities  the  case  is  different.  Since  the  means 
are  substantially  identical,  we  may  compare  standard  deviations 
directly.    We  then  have  for  length — 

Racial  S.  D.  (2.39)  -Mean  individual  S.  D.  (1.62)  -0.77 

and  for  breadth — 

Racial  S.  D.  (1.38)  -Mean  individual  S.  D.  (0.81)  -0.57 

3.  Put  in  another  way,  the  mean  individual  standard  deviation  in 
length  is  68  per  cent  of  the  racial  standard  deviation,  or  there  is  a 
reduction  in  variability  in  length  of  32  per  cent  in  passii^  from  race 
to  individual.  The  mean  individual  standard  deviation  in  breadth 
is  59  per  cent  of  the  racial  standard  deviation.  In  this  character 
the  reduction  in  variability  is  41  per  cent.  It  is  of  interest  to  note 
that  the  reduction  is  greater  for  breadth  than  for  length.  Dr. 
Curtis  also  finds  this  to  be  the  case  in  her  work. 

4.  There  are  4  hens  whose  eggs  show  a  greater  standard  deviation 
in  length  than  does  a  random  sample  of  qggs  of  the  race.  That  is, 
the  qggs  of  these  birds  are  absolutely  more  variable  in  length  than 
the  eggs  of  the  flock  of  Barred  Rock  birds  from  which  they  origLaated. 
Among  the  100  individuals  none  laid  eggs  more  variable  (absolutely) 
than  those  of  the  race  in  respect  to  breadth. 

5.  Looking  at  the  matter  from  the  standpoint  of  relative  varia- 
bility in  proportion  to  mean  size,  as  measured  by  the  coefficient  of 
variation,  we  find  two  birds  (Nos.  709  and  743)  whose  eggs  are 
relatively  more  variable  than  those  of  the  race  in  respect  to  length. 
Three  birds  (Nos.  731,  774,  and  777)  lay  eggs  which  are  relatively 
more  variable  in  breadth  than  those  of  the  race. 

6.  While  in  the  race,  and  on  the  average  for  individuals,  the  egg 
is  more  variable  in  length  than  in  breadth,  there  are  individual  birds 
in  whose  ^gs  this  rule  is  reversed.  Out  of  the  100  birds,  two  (Nos. 
20  and  414)  lay  an  egg  which  is  equally  variable  in  length  and 
breadth.  Seven  birds  out  of  the  100  produce  eggs  which  are  more 
variable  in  breadth  than  in  length. 

In  22  cases  of  repeated  like  parts  in  the  vq^etable  kingdom,  includ- 
ing various  characters  of  leaves  of  trees,  etc.,  Pearson  ^  found  an 
average  reduction  of  variability  in  passing  from  race  to  individual  of 
about  1 3  per  cent.    This  is  obviously  very  much  smaller  than  what  we 

I  Pearson,  K.,  and  others.  H athematteal  Contribatfens  to  the  Theory  of  Evolution.— IX.  On  the  Prin- 
e^ie  of  Uorootyposls  and  In  Relation  to  Heredity,  to  the  Variability  of  the  Indhrldual,  and  to  that  of  the 
Race.    PhiL  Trans.  Roy.  8oo.«V6L197A,  pp.  286-879,1901. 
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find  for  eggs.  The  results  mdicate  that  the  ^gs  of  aa  individual  hen 
are,  on  the  average,  from  three  to  four  tunes  more  tmif orm  in  size  than 
are  the  leaves  from  an  individual  tree.  This  difference  is  interesting 
because  of  the  physiological  differences  of  egg  formation  and  leaf 
formation  (for  example).  In  the  one  case  the  product,  as  measured, 
is  essentially  the  result  of  secretory  activity,  whereas  in  the  other 
case  the  product  is  a  result  of  cell  division  and  differentiation. 

The  data  of  Table  26  offer  material  for  the  study  of  a  number  of 
problems  in  regard  to  the  formation  of  the  ^g.  We  hope  later  to 
return  to  the  discussion  of  some  of  these.  At  present  only  one  further 
matter  will  be  considered,  namely,  the  interindividual  correlations. 
Is  there  a  correlation  in  respect  to  absolute  and  relative  variability 
between  length  and  breadth  of  the  egg?  In  other  words,  does  the 
hen  which  lays  an  egg  with  a  high  absolute  variability  (standard 
deviation)  in  length  also  tend  to  show  a  high  absolute  variability  in 
breadth?  Is  relative  variability  (coefficient  of  variation)  in  length 
correlated  with  relative  variability  in  breadth  t 

To  answer  these  questions  correlation  tables  have  been  prepared 
from  the  data  of  Table  26.  Table  27  shows  the  interindividual  cor- 
relation in  respect  to  mean  length  and  mean  breadth.  Table  28  gives 
the  correlation  between  the  standard  deviation  for  length  and  that 
for  breadth,  or,  in  other  words,  the  interindividual  correlation  in 
respect  to  absolute  variability  between  length  and  breadth.  Table 
29  gives  the  interindividual  correlation  in  respect  to  relative  vari- 
ability; that  is,  the  correlation  between  the  coefficients  of  variation 
for  length  and  breadth. 

Tablb  27. — Showing  the  correlatum  between  individual  mean  egg  length  and  individual 

mean  egg  breadth. 
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Table  28. — Showing  the  correlation  between  indivithuU  standard  deviations  for  egg  length 

and  egg  breadth. 
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Tabijb  29. — Showing  the  correlation  between  individual  egg  length  coefficients  of  variation 
and  individual  egg  breadth  coefficients  ojf  variation. 
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The  constants  deduced  from  these  tables  are  given  in  Table  30. 
The  slight  diflferences  in  the  means  in  this  table  from  those  at  the 
foot  of  Table  26  are  due  simply  to  the  grouping  of  the  data. 

7ablb  30. — Constants  0/  interindividual  variation  and  correlation  in  length  and  breadth 

of  eggs. 


Intraindividnal  constant. 


Standard 
deviation. 


Mean  length.., 
Mean  breadth. 


Standard  deviation  for  length 

Standard  deviation  for  breadth.., 


Coefficient  of  variation  for  length. . . 
Coefficient  of  variation  for  breadth . 


156.02±.1.14 
41.82±.09 

1.62d:.03 
.82±.02 

2.88±.04 
1.96±.04 


1.68±.08 
1.30±.06 

.38d:.02 
.25±.01 

.66±.03 
.64±.03 


Correlation  between  length  and  breadth,  intraindividnal  means i>--(-.300i:.061 

Correlation  between  intraindivldual  standard  deviations  for  length  and  breadth r>" + •  301  ± .  061 

Correlation  between  intraindivldual  coefficients  of  variation  16r  length  and  breadth r— +.  327± .  060 


All  probable  errors  in  this  table  are  calculated  on  the  basis  of  n-100. 
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From  this  table  it  will  be  noted  that: 

1.  The  length  constants  are  in  all  cases  more  variable  than  the 
breadth  constants.  TTiis  means  biologically  (a)  that  if  we  determiae 
the  mean  length  and  breadth  of  a  series  of  ^gs  from  each  of  a  number 
of  birds  we  shall  find  more  variation  among  the  mean  lengths  than 
among  the  mean  breadths,  just  as  in  the  eggs  of  one  bird  or  of  a  flock 
we  usually  find  a  greater  variation  in  length  of  egg  than  in  breadth: 
(h)  that  if  in  each  of  our  series  of  eggs  we  calculate  the  standard 
deviation  and  coeflScient  of  variation  for  the  length  and  for  the 
breadth  of  the  eggs  of  each  individual  bird,  we  shall  find  that  the 
series  of  standard  deviations  and  coefficients  of  variation  vary  more 
among  themselves  in  the  case  of  length  of  egg  than  in  the  case  of 
breadth  of  egg.  In  other  words,  not  only  is  the  hen's  ^g  generally 
more  variable  in  length  than  in  breadth,  but  in  passing  from  individual 
to  individual  there  is  a  greater  variation  in  respect  to  degree  of 
variability — or  uniformity,  as  one  pleases — ^in  length  than  in  breadth. 

2.  The  intmndividual  correlation  in  mean  length  and  mean 
breadth  is  higher  than  the  general  intraracial  coefficiait  for  the 
same  two  characters  (Table  14).  This  is  to  be  expected.  It  means 
that  in  general  a  hen  which  characteristically  lays  an  e^  longer  than 
the  average  also  lays  an  e^  which  tends  to  be  wider  than  the  average; 
that  is,  a  relatively  large  egg  altogether. 

3.  The  same  sort  of  correlation  holds  in  regard  to  the  variability 
of  the  product.  A  hen  which  characteristically  lays  an  e^  which  is 
unusually  variable  in  length  also  exhibits  an  unusual  degree  of  varia- 
tion in  the  breadth  of  her  product. 

The  results  of  this  section  carry  an  important  practical  suggestion. 
Those  having  to  do  with  the  development  and  oi^anization  of  the 
marketing  side  of  the  poultry  industry  are  all  the  time  layuig  more 
and  more  stress  on  the  importance  of  quality  to  the  producer.  The 
farmer  and  poultryman  is  urged  to  grade  his  e^s  carefully  before 
marketing  them.  So  far  as  size  and  shape  go,  eggs  are  graded  before 
anything  else  for  uniformity.  It  is  commonly  assumed  that  lack 
of  uniformity  in  eggs  is  primarily  the  result  of  having  many  different 
birds  in  the  flock  each  of  which  lays  an  egg  more  or  less  diflTerent 
from  every  other  bird's  eggs.  The  results  set  forth  above  show  that 
this  is  not  the  whole  story.  A  study  of  Table  26  will  very  quickly 
convince  one  that  there  is  a  considerable  portion  of  the  flock  com- 
posed of  individuals  which  are  constitutionally  incapable  of  laying 
a  uniform  egg.  Variability  of  product  is  as  definite  a  characteristic 
of  such  hens  as  their  color.  On  the  other  hand,  there  are  hens  whose 
eggs  are  remarkably  and  characteristically  uniform.  It  is  plain 
that  these  facts  offer  a  hopeful  suggestion  to  the  breeder  who  is 
desirous  of  producing  the  highest  quality  of  market  eggs  at  the  lowest 
cost.    His  aim  will  be  to  breed  a  pure  strain  of  birds  characterized 
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not  only  by  the  average  excellence  but  also  by  the  uniformity  of 
their  product.  It  should  finally  be  said  that  while  the  facts  set 
forth  above  deal  only  with  size  characters  of  eggs,  unpublished  results 
obtained  in  this  laboratory  show  that  the  same  considerations  apply 
to  other  characters  of  eggs. 

sxnocABY. 

The  object  of  the  present  part  of  this  bulletin  is  to  present  quanti- 
tative data,  together  with  a  biometrical  analysis  of  the  same,  regard- 
ing the  normal  variation  and  correlation  of  the  egg  of  the  domestic 
fowl  in  respect  primarily  to  size  ajid  shape.  Such  data  are  of  value 
in  connection  with  all  physiological  and  genetic  studies  in  regard  to 
the  production  of  eggs.  They  also  have  a  significant  relation  to 
the  economic  problem  of  the  improvement  of  eggs  in  respect  to  quality 
and  uniformity  by  breeding.  The  material  used  in  this  study  com- 
prised a  considerable  number  of  eggs  of  Barred  Plymouth  Rock 
pullets  belonging  to  the  Maine  Station  flock.  The  material  was 
strictly  homogeneous,  and  particularly  well  adapted  in  all  respects 
for  the  study  of  the  normal  variation  of  the  hen's  egg.  It  will  be 
understood  that  the  results  and  conclusions  of  this  investigation, 
while  stated  in  general  form,  are  not  presumed  to  have  a  wider 
generality  than  the  material  on  which  they  are  based.  It  is  probable 
that  many  of  the  results  found  for  the  egg  of  the  Barred  Plymouth 
Rock  will  also  obtain  for  the  eggs  of  other  breeds. 

Among  the  more  important  results  obtained  in  this  study  the  fol- 
lowing may  be  mentioned: 

1.  The  egg  is,  to  a  significant  degree,  relatively  more  variable  in 
length  than  in  breadth.  The  egg  ia  considerably  more  variable  in 
shape,  as  measured  by  the  length-breadth  index,  than  it  is  in  either 
of  the  linear  dimensions  length  or  breadth.  The  weight  of  the  egg 
and  its  volume  (determined  from  length  and  breadth  on  the  assump- 
tion that  the  egg  is  a  perfect  prolate  spheroid)  are  much  more  vari- 
able than  any  of  the  other  characters.     (Pp.  117-180.) 

2.  There  is  a  close  agreement  between  the  egg  of  the  domestic 
fowl  and  the  human  skull  in  respect  to  the  d^ree  of  variation  exhib- 
ited in  the  corresponding  size  and  shape  characters  of  the  two 
structures.  A  consideration  of  the  processes  concerned  in  the  pro- 
duction of  the  definitive  size  and  shape  of  the  ^g  and  the  skull 
suggests,  thoi^h  it  does  not  prove,  that  this  similarity  with  reference 
to  variation  constants  is  not  fortuitous,  but  rests  upon  abasis  of  general 
similarity  in  regard  to  mechanical  factors  operative  in  both  cases 
during  the  development  and  fixation  of  the  final  form.     (Pp.  180-183.) 

3.  With  the  exception  of  breadth,  aU  other  dimensional  characters 
studied  show  significantly  skew  (asymmetrical)  variation.  The  differ- 
ent egg  dimensions  give  frequency  distributions  following  different 
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ones  of  Pearson's  curre  types.  Yaiiation  of  the  egg  in  length  and 
in  shape  (length-breadth  index)  follows  a  curve  of  Type  IV;  varia- 
tion in  breadth  Type  II,  and  variation  in  volume  T^pe  I.  (Pp. 
183-189.) 

4.  All  of  the  egg  dimensions  studied  are  positively  correlated  with 
each  other  in  varying  degree.  IntraraciaUy  egg  length  and  ^g 
breadth  are  correlated  only  slightly.  Furthermore,  neither  the 
weight  nor  the  volume  of  the  egg  is  more  than  very  slightly,  if  signifi- 
cantly at  all,  correlated  with  its  shape.  As  would  be  expected,  both 
lengtii  and  breadth  are  significantly  correlated  with  the  weight  and 
the  volume  of  the  egg.  The  bulk  measures  (volume  and  weight) 
are  more  highly  correlated  with  breadth  than  with  length.  There 
is  a  very  high  correlation  between  volume  and  weight.  This  impUes 
what  was  found  in  fact  to  be  the  case,  that  the  specific  gravity  of 
the  egg  exhibits  only  a  very  small  degree  of  variation.  There  is 
no  significant  net  correlation  between  the  shape  of  an  ^g  and  its 
absolute  size.     (Pp.  190-200.) 

5.  The  skull  and  the  egg  show  a  correspondence  in  respect  to  the 
degree  to  which  their  chief  dimensions  are  correlated.  The  correla- 
tion results  parallel  those  already  set  forth  in  paragraph  2  above  for 
simple  variation.     (Pp.  200-203.) 

6.  A  detailed  study  of  the  r^ression  of  the  weight  of  the  egg  on 
length  and  breadth  results  in  certain  equations  from  which  the  former 
quantity  can  be  estimated  from  a  knowledge  of  the  linear  dimensions 
of  the  egg  with  a  considerable  degree  of  accuracy.     (Pp.  203-225.) 

7.  A  comparison  of  the  egg  of  the  domestic  fowl  with  those  of  a 
number  of  spedes  of  wild  birds  in  respect  to  relative  variabiUty 
leads  to  the  result  that  in  general  the  eggs  of  wild  birds  are  neither 
less  nor  more  variable  than  those  of  the  domestic  bird.  It  is  con- 
cluded that  probably  the  essential  factors  concerned  in  the  deter- 
mination of  the  degree  of  variation  in  size  and  shape  exhibited  by 
birds'  eggs  are  purely  physiological  and  in  no  direct  or  immediate 
way  (if  at  all)  related  to  the  action  of  natural  selection.  It  does  not 
appear  from  the  evidence  that  it  is  essential  to  the  survival  of  a  wild 
bird  that  its  egg  shall  be  less  variable  than  those  of  the  domestic 
fowl,  in  which  egg  variation  obviously  has  no  survival  value  whatso- 
ever.    (Pp.  225-228.) 

8.  A  study  of  intraindividual  variation  indicates  that  the  relative 
variability  of  eggs  is  a  definite  characteristic  of  the  individual,  some 
birds  characteristically  laying  eggs  which  are  extremely  variable 
and  other  birds  characteristically  producing  eggs  which  are  very 
uniform.  There  is  on  the  averc^e  a  considerable  reduction  in  vari- 
ability in  passing  from  the  race  to  the  individual.  This  amounts 
in  the  case  of  length  to  32  per  cent  and  in  the  case  of  breadth  to  41 
per  cent.    Some  individuals  may  show  a  greater  variability  both 
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absolute  and  relative  than  a  random  sample  of  the  eggs  of  the  race 
from  which  the  individual  comes.  The  rule  that  length  is  more 
variable  than  breadth  is  reversed  in  the  eggs  of  some  individuals. 
Seven  per  cent  of  the  birds  studied  produce  eggs  which  are  more 
variable  in  breadth  than  in  length.  In  general  a  hen  which  character- 
istically lays  an  egg  longer  than  the  average  also  lays  an  egg  which 
tends  to  be  wider  than  the  average.  The  same  sort  of  correlation 
holds  in  regard  to  the  variability  of  the  product.  A  hen  which 
characteristically  lays  an  egg  which  is  unusually  variable  in  length 
also  exhibits  an  unusual  degree  of  variation  in  the  breadth  of  her 
product.     (Pp.  228-234.) 
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APPENDIX  III. 

In  Table  I  of  this  appendix  are  given  the  original  meaaarements 
for  the  eggs  of  Series  A  used  in  this  investigation.  These  measure- 
ments are  published  here  in  the  hope  that  they  may  be  useful  to 
other  students  of  the  physiology  of  egg  production,  and  in  general 
as  a  set  of  basic  records  of  the  normal  variation  of  the  egg  in  a  homo- 
geneous flock  of  domestic  fowls. 

Tablb  I . — Oiving  the  original  measurements  of  the  eggs  comprising  Series  A  of  this  biUleiin 

{cf.  p,  176). 
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Table  I. — Giving  the  original  meaauremerUs  of  the  eggs  comprising  Series  A  of  this  bul- 
letin (cf.  p.  176) — Continued. 
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55.16 

82.73 

51.74 

254 

57.62 

43.53 

60.58 

75.55 

57.19 

178 

58.18 

42.40 

68.77 

72.88 

54.76 

255 

51.30 

42.47 

52.19 

82.79 

4a  47 

179 

55.15 

42.86 

56.77 

77.72 

58.06 

256 

53.32 

39.42 

47.94 

63.93 

43.38 

180 

50.70 

44.39 

65.07 

74.36 

61.56 

257 

56.21 

42.00 

55.66 

74.72 

61.91 

181 

60.11 

8&77 

5a  45 

64.50 

47.29 

258 

55.72 

42.12 

54.90 

7a  59 

61.76 

182 

55.85 

39.76 

48.96 

71.19 

4a  24 

259 

5a  09 

40.54 

53.94 

69.79 

4a  08 
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aoo 

261 

382 

263 

264 

265 

266 

267 

268 

260 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

283 

283 

284 

285 

286 

287 

288 

280 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

317 

318 

319 

320 

321 

323 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

333 

334 

335 

336 

337 


56.03 
66.39 
53.99 
56.46 
65.95 
56.75 
67.79 
64.54 
63.03 
56.68 
55.04 
55.86 
64.48 
56.68 
55.01 
54.84 
63.74 
57.01 
58.14 
65.91 
53.60 
65.09 
66.41 
67.38 
57.60 
63.98 
56. 3S 
56.78 
68.12 
49.77 
67.68 
68.26 
53.32 
63.95 
53.86 
56.96 
63.43 
63.31 
63.83 
64.66 
64.80 
67.19 
69.16 
55.98 
64.24 
53.96 
63.89 
63.00 
58.74 
68.23 
68.02 
55.54 
58.48 
57.69 
56.02 
57.69 
57.38 
56.09 
55.19 
55.68 
65.03 
54.88 
55.85 
57.85 
53.69 
67.68 
59.09 
58.62 
57.53 
53.30 
54.56 
54.94 
57.24 
57.35 
55.80 
53.97 
54.51 
69.73 


42.02 
40.74 
43.00 
41.23 
44.14 
43.19 
42.85 
42.29 
42.76 
40.46 
42.24 
42.97 
41.70 
41.32 
41.87 
40.77 
43.17 
42.51 
39.39 
41.88 
44.43 
43.66 
42.42 
42.86 
40.18 
40.40 
42.55 
44.60 
45.81 
40.48 
43.77 
41.10 
41.95 
41.35 
41.21 
40.27 
43.55 
40.83 
42.89 
30.82 
40.66 
41.49 
42.26 
42.50 
40.83 
41.76 
42.68 
39.68 
45.24 
43.44 
39.94 
40.22 
43.38 
43.86 
40.85 
41.84 
40.43 
43.45 
42.33 
44.74 
41.03 
42.28 
42.01 
43.60 
41.23 
42.12 
41.94 
41.50 
43.42 
42.60 
42.00 
43.19 
41.70 
42.37 
41.98 
39.51 
42.04 
42.U 


K59 

75.00 

V.  w. 

61.81 

61.38 

72.25 

48.99 

65.97 

79.64 

62.26 

63.59 

73.03 

60.23 

60.07 

78.80 

67.09 

6a  04 

76.10 

66.41 

60.45 

74.53 

55.58 

64.23 

77.54 

51.04 

62.94 

80.65 

60.76 

60.59 

71.38 

48.58 

64.58 

76.74 

61.42 

57.96 

76.93 

64.03 

53.87 

76.54 

49.60 

63.14 

72.90 

60.67 

64.08 

76.11 

60.51  ' 

48.39 

74.34 

47. 75  I 

65.35 

80.33 

62.41  1 

66.95 

74.56 

63.96 

49.98 

67.75 

47.31 

64.06 

74.91 

51.35 

67.39 

82.76 

55.46 

68.41 

79.25 

64.97 

56.33 

75.20 

63.14 

69.53 

74.70 

64.33 

53.14 

60.76 

48.60 

48.86 

74.84 

46.13 

67.03 

76.47 

53.47 

63.33 

78.55 

60.14 

68.09 

78.83 

63.83 

43.66 

71.33 

43.71 

69.60 

75.88 

57.83 

63.13 

7a  54 

61.53 

61.49 

78.67 

49.15 

5a  29 

76.64 

48.33 

60.41 

77.96 

46.98 

61.67 

7a  70 

48.39 

61.07 

81.51 

63.09 

60.08 

76.69 

46.56 

52.18 

79.68 

61.88 

47.72 

72.86 

46.38 

48.81 

74.07 

47.53 

55.93 

72.65 

49.06 

58.26 

71.43 

65.33 

56.85 

75.92 

63.94 

49.61 

75.28 

47.37 

61.70 

78.85 

4&36 

64.52 

66.80 

6a  93 

54.59 

62.98 

61.94 

66.56 

77.01 

63.95 

60.65 

74,60 

57.54 

51.71 

68.84 

48.46 

48.99 

72.42 

47.14 

60.88 

74.18 

67.62 

62.23 

76.03 

58.09 

52.25 

72.92 

48.92 

55.71 

72.53 

62.87 

52.29 

7a  46 

49.13 

59.39 

76.64 

56.05 

54.19 

76.70 

51.79 

61.94 

80.35 

58.36 

50.51 

74.48 

48.59 

54.22 

77.04 

51.37 

55.40 

75.22 

51.64 

61.31 

75.37 

67.59 

49.04 

76.80 

47.80 

56.84 

73.02 

53.58 

57.12 

7a  98 

64.41 

55.00 

7a  80 

52.86 

60.26 

75.47 

56.78 

53.65 

79.92 

50.65 

52.74 

76.  C8 

50.39 

55.45 

78.61 

53.64 

56.65 

72.96 

52.27 

50.08 

73.88 

63.83 

65.17 

75.23 

51.43 

46.29 

73.21 

44.13 

53.73 

77.12 

5a  45 

68.67 

7a  50 

55.49 

^ 

a 

*S 

IT 

1 

1 

t 

1 

i 

5 

n 

^ 

fi 

n 

mm. 

mm. 

gmi. 

Per  a. 

c.  c 

S39 

65.77 

43.07 

5a  49 

77.23 

54.20 

340 

60.61 

43.39 

69.50 

71.11 

5a  07 

341 

55!  S 

41.34 

61.07 

75.74 

48.84 

842 

42.01 

64.66 

75.23 

51.64 

343 

64.76 

42.86 

65.19 

77.35 

51.45 

344 

64.23 

40.69 

49.03 

75.03 

4a  99 

845 

65.36 

40.52 

51.90 

73.19 

47.59 

346 

64.53 

41.84 

64.34 

7a  73 

49.99 

347 

64.58 

40.73 

49.58 

74.62 

47.43 

848 

60.64 

44.76 

6a  95 

73.81 

63.61 

349 

67.51 

39.30 

49.73 

68.34 

46.52 

350 

64.03 

42.15 

62.98 

78.01 

50.29 

351 

64.74 

43.04 

5a  56 

78.63 

53.00 

352 

64.93 

40.69 

51.44 

74.08 

47.60 

353 

66.98 

39.46 

4a  70 

7a  49 

45.64 

854 

60.73 

42.40 

60.55 

70.99 

5a  23 

356 

63.55 

43.14 

53.45 

82.09 

51.23 

856 

63.73 

43.45 

64.57 

82.42 

52.14 

857 

66.33 

48.06 

5a  28 

77.82 

63.71 

368 

5a  41 

41.21 

63.47 

73.06 

5a  17 

869 

57.39 

40.09 

62.04 

7a  90 

49.73 

360 

63.93 

89.35 

4a  06 

72.90 

43.75 

361 

65.63 

42.54 

65.29 

7a  47 

52.73 

862 

56.31 

42.41 

65.99 

75.45 

63.95 

363 

66.73 

43.03 

64.61 

75.40 

51.53 

S64 

64.87 

42.46 

63.72 

77.38 

51.80 

365 

67.13 

40.48 

51.73 

7a  68 

49.03 

366 

6a  64 

41.  n 

63.64 

73.88 

51.67 

867 

69.48 

43.18 

63.04 

72.60 

68.06 

868 

66.03 

41.34 

63.64 

74.06 

49.81 

860 

63.64 

40.13 

4a  43 

7a  23 

44.36 

370 

63.47 

43.84 

64.43 

67.50 

61.00 

871 

55.40 

42.97 

67.28 

77.66 

53.10 

372 

63.06 

41.25 

61.08 

7a  44 

48.00 

373 

60.40 

42.14 

57.48 

70.94 

55.23 

874 

66.27 

42.27 

64.93 

7a  48 

51.74 

875 

6a  71 

43.34 

68.90 

7a  43 

55.68 

876 

69.67 

42.22 

60.30 

7a  76 

55.70 

877 

68.43 

43.61 

61.38 

74.66 

58.14 

878 

64.98 

41.90 

63.51 

7a  21 

6a  29 

879 

67.65 

41.85 

65.61 

72.50 

52.90 

880 

63.27 

40.91 

47.31 

7a  80 

4a  71 

381 

6a  67 

44.05 

60.73 

77.73 

57.61 

382 

62.99 

4aii 

47.13 

75.60 

44.65 

383 

60.65 

40.13 

63.30 

67.37 

50.33 

384 

62.60 

4a  70 

47.74 

77.88 

46.63 

385 

64.00 

40.26 

48.43 

74.66 

45.83 

886 

57.58 

42.42 

5a  47 

78.67 

54.26 

387 

55.60 

43.42 

54.79 

7a  20 

62.39 

388 

67.08 

41.72 

63.04 

73.00 

52.03 

389 

56.95 

40.05 

51.27 

7a  33 

47.86 

390 

57.06 

41.67 

55.14 

73.03 

51.90 

391 

52.63 

43.81 

6a  86 

83.34 

52.51 

392 

57.02 

89.88 

50.78 

00.94 

47.48 

393 

67.73 

41.24 

53.69 

71.43 

51.43 

394 

67.11 

42.98 

69.29 

75.26 

55.25 

395 

55.97 

45.38 

62.62 

81.08 

60.36 

396 

56.61 

43.94 

60.49 

77.62 

57.23 

397 

6a  87 

43.18 

58.72 

75.93 

55.53 

398 

64.50 

40.09 

48.47 

73.66 

45.84 

899 

5a  60 

42.78 

5a  65 

75.68 

51.24 

400 

69.16 

43.32 

64.54 

73.22 

58.13 

401 

67.25 

42.79 

59.72 

74.74 

64.87 

402 

64.44 

43.27 

5a  76 

79.48 

53.40 

403 

53.05 

40.54 

47.67 

77.80 

44.80 

404 

64.93 

42.00 

52.41 

7a  46 

50.74 

405 

67.85 

44.19 

62.80 

7a  39 

69.13 

406 

59.08 

4a  13 

53.52 

67.98 

49.81 

407 

56.24 

4a  45 

50.17 

71.92 

48.20 

408 

54.77 

43.66 

57.89 

79.71 

54.67 

409 

56.92 

41.79 

54.69 

73.42 

52.02 

410 

55.36 

41.48 

52.54 

74.93 

49.87 

412 

64.41 

42.46 

64.25 

78.04 

51.35 

413 

57.83 

42.13 

57.94 

73.77 

53.83 

414 

56.76 

42.12 

55.04 

74.21 

52.73 

415 

52.22 

41.43 

48.56 

79.34 

4a  95 

416 

6a  19 

42.32 

58.92 

7a  31 

5a  43 

417 

55.30 

42.95 

57.63 

77.81 

53.34 
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4 

4 

^ 

J 

d 

^ 

Egg 
No. 

1 

1 

1 

1 

1 

§^ 

1 

1 

1 

1 

i 

mm. 

mm. 

Tm 

Perct. 

e.  c 

mm. 

mm. 

54.78 

Peret. 

c.c. 

418 

5ft.  65 

43.40 

76.77 

66.00 

436 

57.57 

41.82 

72.64 

62.73 

419 

54.58 

41.60 

54.74 

76.22 

49.46 

437 

67.70 

40.73 

53.60 

7a  59 

60.14 

420 

54.11 

42.21 

53.61 

78.00 

50.46 

438 

57.44 

41. 41 

63.61 

72.09 

61.59 

421 

66.48 

43.37 

57.46 

76.79 

65.65 

439 

54.45 

41.60 

52.16 

76.40 

49.44 

422 

57.27 

40.63 

51.53 

70.94 

49.60 

440 

54.47 

39.74 

46.27 

72.96 

45.05 

423 

50.51 

41.71 

57.16 

70.09 

54.24 

441 

56.48 

39.96 

49.06 

7a  76 

47.22 

424 

57.37 

43.78 

61.61 

76.31 

57.66 

442 

64.24 

43.63 

56.23 

80.25 

53.84 

425 

50.13 

42.79 

60.02 

72.36 

56.67 

443 

64.17 

41.89 

52.37 

77.33 

49.74 

426 

57.16 

42.91 

58.83 

75.08 

55.13 

444 

56.22 

39.77 

49.03 

7a  74 

46.59 

427 

56.79 

44.08 

60.50 

77.53 

57.66 

445 

68.11 

43.32 

60.77 

74.55 

67.11 

428 

55.27 

44.08 

58.28 

79.66 

56.13 

446 

64.04 

43.29 

57.08 

80.11 

63.00 

429 

55.08 

43.53 

57.71 

77.76 

55.57 

447 

61.46 

4a  35 

48.51 

78.41 

43.89 

430 

59.52 

40.83 

63.80 

68.60 

51.98 

448 

55.60 

40.16 

47.92 

72.21 

46.05 

431 

69.05 

43.41 

62.17 

73.51 

58.30 

449 

68.12 

41.16 

56.90 

7a  80 

61.56 

432 

53.82 

43.74 

56.50 

81.27 

63.91 

450 

64.11 

4a  76 

48.25 

76.33 

47.08 

433 

55.58 

42.51 

54.73 

76.48 

62.62 

451 

56.82 

43.29 

68.71 

76.19 

55.73 

434 

54.80 

39.06 

46.58 

71.28 

43.78 

452 

60.56 

41.02 

56.73 

68.87 

52.47 

435 

50.79 

44.87 

67.99 

75.04 

63.05 

453 

58.86 

4a  81 

56.67 

60.35 

51.30 
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